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INTRODUCTION
The m a n n e r i n  a h io h  a  d e e  a p o d  o r u s t a e e s n  s a i n t  a in a  
a  r e l a t i v e l y  o o n e ta n t  b o d y  f l u i d  c o n c e n t r a t i o n ,  w i th  r e a p e e t  
t o  c h a n g e s  i n  t h e  e x t e r n a l  e n v ir o n m e n t ,  h a a  i n t e r e s t e d  n a n y  
p r e v io u s  i n v e s t i g a t o r s .  I n t e r e s t  o e n t e r s  n o t  o n ly  o n  t h e  
n a r k e d  a b i l i t y  o f  t h e  o rg a n is m  t o  a d a p t  p h y s i o l o g i c a l l y  t o  
a  p a r t i o u l a r  h a b i t a t  b u t  a l s o  on th e  p h i l o s o p h i c a l  i m p l i c a ­
t i o n s ,  t h a t  i s ,  t h e  p o s s i b l e  e v o l u t i o n a r y  c h a n g e s  w h io h  
m ig h t h a v e  o c c u r r e d  i n  t h e  a n im a l  a s  i t  a t t e m p te d  t o  e x p lo r e  
new  h a b i t a t s  and  e m a n c ip a te  I t s e l f  fro m  t h e  s h a c k l e s  o f  i t s  
e n v ir o n m e n t .
An o rg a n is m  s u c h  a s  a  d e e a p o d  c r u s t a c e a n ,  w h le h  l e a v e s  
i t s  n o rm a l h a b i t a t ,  i s  c o n f r o n t e d  w i th  p ro b le m s  o f  s a l t  a n d  
w a te r  b a l a n c e .  T h is  n e c e s s i t a t e s  m eo h an lsm s f o r  o s m o t ic  a n d  
i o n i c  r e g u l a t i o n  i n  o r d e r  t h a t  t i s s u e s  may h a v e  th e  p r o p e r  
c o n c e n t r a t i o n s  o f  s a l t s  t o  c a r r y  on n o rm a l m e ta b o l i c  p r o c e s s e s .  
I n  o r d e r ,  t h e r e f o r e ,  f o r  o t h e r  e n v iro n m e n ts  t o  be  s u c c e s s f u l l y  
c o l o n i s e d ,  t h e  t o t a l  c o n c e n t r a t i o n  o f  t h e  s a l t s  o f  t h e  
I n t e r n a l  b o d y  f l u i d s  a n d  c o n s e q u e n t ly  t h e i r  i o n i c  c o n c e n t r a ­
t i o n s  n e c e s s a r i l y  m u s t b e  m a in ta in e d  w i t h i n  a  r e l a t i v e l y  
n a r r o w  r a n g e .
I t  was fo u n d  f ro m  p r e l i m i n a r y  w ork ( T r e v l s a n l ,  1 9 5 6 ) 
t h a t  l i m i t e d  p o w e rs  o f  o s m o r e g u la t io n  an d  c o n s i d e r a b l e  p o w e rs  
o f  i o n i c  r e g u l a t i o n  e x i s t e d  f o r  a t  l e a s t  a  tw o h o u r  p e r i o d  i n
1
2C a n ce r b o r e a l i s  S tim p so n , a  ro o k  o ra b  fo u n d  a lo n g  t h e  New 
f t ig la n d  e o a a t .  A lth o u g h  I t  was a u a p a e ta d  t h a t  a t  l a a a t  t h r a a  
m eohanlsm s w ere  in v o lv e d  i n  o sm o tic  a n d  l o n i e  r e g u l a t i o n  o f  
C anoor b o r e a l i s .  n a m e ly , i t a  lo w  p e r m e a b i l i t y  t o  a a l t e  and  
w a te r  a t  low  d i l u t i o n s ;  t h e  a c t i v e  a b s o r p t io n  o f  s a l t s ,  
p r o b a b ly  th ro u g h  th e  g i l l  s u r f a o e j  an d  th e  d i f f e r e n t i a l  
e x c r e t i o n  o f  io n s  and  w a te r  b y  th e  a n te n n a r y  g la n d ,  f u r t h e r  
s t u d i e s  t o  o b t a i n  a d d i t i o n a l  e v ld e n e e  f o r  some o f  t h e s e  
m echan ism s seem ed d e s i r a b l e .
A lth o u g h  i t  was d i s c o v e r e d  t h a t  C an ce r b o r e a l i s  d id  
h a v e  o sm o tic  mud io n ic  r e g u l a t o r y  p ow ers  i n  d i l u t e  s e a  w a te r  
f o r  a t  l e a s t  two h o u r s ,  a  s tu d y  t o  d e te rm in e  w h e th e r  t h e s e  
r e g u l a t o r y  p r o c e s s e s  e x i s t e d  f o r  l o n g e r  p e r i o d s  o f  t im e  was 
n o t  p u r s u e d .
I t  was a l s o  s u g g e s te d  b y  t h e  a u th o r  t h a t  t h e s e  o ra b s  
w ere  r e l a t i v e l y  im p e rm e a b le  t o  s a l t  and  w a te r  b e o a u se  o sm o tic  
m ea su re m e n ts  on th e  b lo o d  o f  t h e s e  a n im a ls  show ed t h a t  f o r  
a t  l e a s t  two h o u rs  th e y  c o u ld  m a in ta in  a  r e l a t i v e l y  c o n s t a n t  
i n t e r n a l  e n v iro n m e n t when s u b j e c t e d  to  v a r io u s  d i l u t i o n s  o f  
s e a  w a te r .  H ow ever, no d i r e c t  e v ld e n o e  was o b ta in e d  i n  
t h e s e  p r e l i m i n a r y  s t u d i e s .
A p e c u l i a r  p ro b le m  a r o s e  d u r in g  t h e  p r o c e s s  o f  o b t a i n ­
in g  u r i n e  f o r  o s m o tic  an d  l o n io  s t u d i e s  on t h e s e  a n im a ls  i n  
t h i s  p r e v io u s  i n v e s t i g a t i o n .  When th e  o r a b s  w ere  s u b je c t e d  
t o  n o rm al s e a  w a te r ,  t h e  u r in e  f lo w e d  c o p io u s ly  and  was 
e a s i l y  o o l l e c t e d .  H ow ever, i n  th e  lo w e r  d i l u t i o n s  o f  s e a  
w a te r  i t  was n o te d  t h a t  t h e  u r i n e  was a o a ro e  and  o b t a i n a b l e
3o n ly  a f t e r  g r e a t  e f f o r t .  T h is  s u g g e s te d  tw o p o s s i b i l i t i e s :
( l )  E i t h e r  t h e  a n im a ls  becam e l e s s  p e rm e a b le  t o  w a te r  a t  
lo w e r  d i l u t i o n s  w ith  a  o o n o a m lta n t  d e c r e a s e  i n  u r i n e  o u tp u t  
o r  (2 )  The c r a b s  w ere  e q u a l ly  p e rm e a b le ,  a s  when i n  n o rm al 
s e a  w a t e r ,  b u t  i n  d i l u t e  m ed ia  m ore w a te r  n o re d  i n t o  t h e i r  
b o d ie s ,  f o l lo w e d  by  a  c o n s e q u e n t  I n c r e a s e  i n  u r i n e  f o r m a t io n ,  
a  r a p i d  r e l e a s e  from  th e  a n te n n a r y  g l a n d s ,  and  p o s s i b l y  
e x c r e t i o n  o f  w a te r  th ro u g h  an e x t r a n e o u s  r o u t e  su ch  a s  th e  
g u t .  U rin e  i n  t h e s e  i n s t a n c e s  w ou ld  be e x tr e m e ly  d i f f i c u l t  
t o  c o l l e c t .  T h ese  p o s s i b i l i t i e s  w ere  l e f t  u n e x p lo re d .
I n  u s in g  s e a  w a te r  d i l u t i o n s  i n  p r e v io u s  s t u d i e s ,  
n a t u r a l  s e a  w a te r  was e o l l e o t e d  a t  P o r ts m o u th , New H a m p sh ire , 
and  t h i s  was a ssu m ed , on  th e  b a s i s  o f  C o a s t an d  G e o d e tic  
S u rv e y  S a l i n i t y  T a b le s ,  to  be a p p ro x im a te ly  75% e e a  w a t e r .  
D i l u t i o n s  w ere made fro m  t h i s  v a r y in g  s to c k  r a t h e r  th a n  fro m  
a  s to o k  o f  100% o r  s e a  w a te r  c o n ta in i n g  35 p a r t s  o f  c h l o r i d e  
p e r  th o u s a n d . B eoause  o f  th e  f a c t  t h a t  n o rm a l ly  e o l l e o t e d  
sh o re  s e a  w a te r  v a r i e s  i n  s a l i n i t y  on d i f f e r e n t  t i d e s  and 
b e o a u se  o f  o r g a n ic  and  o t h e r  s u b s ta n o e s  i n t e r f e r i n g  w ith  
io n  a n a l y s e s ,  i t  a p p e a re d  t h a t  a  s to c k  o f  100% a r t i f i c i a l  s e a  
w a te r ,  p r e p a r e d  by s t a n d a r d  f o rm u la e ,  w ould  g iv e  m ore a c c u r a t e  
d i l u t i o n s  and  w ould  e n a b le  io n  a n a ly s e s  t o  b e  c a r r i e d  o u t  
a v o id in g  th e  p ro b le m  o f  th e  v a r i a b i l i t y  o f  n a t u r a l  s e a  w a te r .  
F u r th e r m o re ,  i t  was f e l t  t h a t  by  r e f i n i n g  t h e s e  t e c h n iq u e s  
and m e th o d s o f  io n  a n a l y s i s ,  m ore a o o u ra te  r e s u l t s  w ould  be 
o b ta in e d  i n  f u r t h e r  s t u d i e s .
kP r e s e n t  i n t e r e s t  i n  th «  p h y s i o l o g i c a l  n e o h a n isn u i 
M hioh e n a b le  t h i s  a n im a l  t o  p e n e t r a t e  m ore  d i l u t e  s a l i n i t i e s  
a n d  t h e  p o s s i b l e  e v o l u t i o n a r y  s i g n i f i c a n c e  o f  s u c h  r e g u l a t o r y  
m e c h a n ism s  h a s ,  t h e r e f o r e ,  g row n o u t  o f  t h e  a u t h o r ' s  e a r l i e r  
t h e s i s  f o r  a  m a s t e r ' s  d e g r e e .
T he p r e s e n t  i n v e s t i g a t i o n  w as I n i t i a t e d  t o  e x p lo r e  
f u r t h e r  t h e  p r o b le m s  l e f t  u n s o lv e d  i n  t h e  p r e l i m i n a r y  s t u d i e s .  
C a n c e r  b o r e a l i s  was s u b j e c t e d  t o  v a r i o u s  d i l u t i o n s  o f  s e a  
w a te r  f o r  l o n g e r  p e r i o d s  o f  t im e  t o  d e te r m in e  w h e th e r  o s m o t ic  
and  I o n i c  r e g u l a t o r y  p o w e rs  e x i s t e d  i n  t h e  a n im a l  f o r  a t  
l e a s t  t w e n t y - f o u r  h o u r s .  W eig h t d e t e r m i n a t i o n s  w e re  m ade 
th r o u g h o u t  a  t w e n t y - f o u r  h o u r  p e r i o d  i n  o r d e r  t o  d e te r m in e  
t h e  p e r m e a b i l i t y  o f  t h e  a n im a ls  t o  w a te r  an d  t h u s  t o  e l u c i ­
d a t e  t h e  r o l e  o f  t h e  a n te n n a r y  g l a n d s  a n d  g u t  i n  o s m o t ic  
r e g u l a t i o n .  A f u r t h e r  s t u d y  o f  t h e  r o l e  o f  t h e  a n te n n a r y  
g la n d s  i n  i o n i c  r e g u l a t i o n  w as p u r s u e d .
G e n e r a l l y ,  t h e n ,  t h e  i n v e s t i g a t i o n  r e p o r t e d  h e r e i n  
was d e s ig n e d  t o  e l u c i d a t e  t h e  p h y s i o l o g i c a l  m e c h a n ism s  by  
w hioh  C a n c e r  b o r e a l i s  i s  a b l e  t o  s u r v i v e  i n  m e d ia  o u t s i d e  i t s  
n o rm a l  h a b i t a t  b y  o s m o t ic  a n d  i o n i e  r e g u l a t o r y  a b i l i t i e s  a n d  
t o  c l a r i f y  t h e  r e a s o n s  f o r  t h e  i n a b i l i t y  o f  t h e s e  m ec h an ism s  
t o  f u n c t i o n  p r o p e r l y  i n  v e r y  d i l u t e  s a l i n i t i e s .
MATERIALS AND METHODS
A nim als
C ra b s  u s e d  i n  t h e s e  e x p e r im e n ts  w ere  o b ta in e d  d u r in g  
th e  w in t e r  m on ths f ro s t  t h e  M arin e  B io lo g ie s !  S u p p ly  H o u se ,
Woods H o le , M a s s a c h u s e t t s .  The s to c k  o f  C a n ce r b o r e a l i s  
was c o l l e c t e d  in  th e  l a t e  f a l l  and  m a in ta in e d  a t  th e  M arin e  
B io lo g ic a l  S u p p ly  H ouse i n  l i v e  o a r s .  T h ese  o r a b s  w ere 
s h ip p e d  to  th e  Z o o lo g y  D e p a r tm e n t, U n i v e r s i t y  o f  New Hamp­
s h i r e ,  a t  v a r i o u s  I n t e r v a l s  th ro u g h o u t  t h e  e n t i r e  w i n t e r .  
A n im als w ere  a c c l im a te d  t o  th e  s e a  w a te r  t a n k s  a t  t h e  U ni­
v e r s i t y  o f  New H am psh ire  f o r  a t  l e a s t  2I4. h o u r s  b e f o r e  b e in g  
u s e d  f o r  e x p e r im e n ta t io n .
S e a  W ater
I n  a l l  d i l u t i o n s  i n  w h ich  th e  a n im a ls  w ere p l a c e d ,  
a r t i f i c i a l  s e a  w a te r  was u s e d .  The M arine  B io lo g ic a l  fo rm u la  
t a k e n  from  F o rm u lae  and  M ethods IV (1956) was u s e d  to  make 
a l l  d i l u t i o n s  o f  s e a  w a te r .  A s a l i n i t y  o f  35 p a r t s  p e r  
th o u s a n d  c h l o r i d e  ( p . p . t . )  was t a k e n  a s  100% s e a  w a te r  an d  
d i l u t i o n s  o f  87% (31 p . p . t . ) ,  75% (26  p . p . t . ) ,  50% (18  p . p . t . ) ,  
end  1^ 0% (H 4 p . p . t . )  s e a  w a te r  r a r e  made fro m  t h i s  100% s t o c k .
W eight D e te r m in a t io n s  o f  N orm al A nim als
I n  o r d e r  t e  d e te rm in e  w h e th e r  o r  n o t  C a n ce r b o r e a l i s  
to o k  up w a te r  o s m o t le a i l y  when p la o e d  i n  100%, 87%, 75%,
50%, and  lj.0% s e a  w a te r ,  w e ig h t d e te r m in a t io n s  w ere  made a t
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6v a r i o u s  i n t e r v a l s  th ro u g h o u t  a  tw e n ty - f o u r  h o u r  p a r l o d .
B e fo re  a  w e ig h t d e te r m in a t io n  was made th a  a n im a ls  w ars  
w rap p ed  i n  e h a a s a a lo th  t o  rem ove a s  m ush s a a  w a te r  f ro m  t h a  
s u r f a s a  a a  p o s s i b l a .  Tha g r e a t e s t  p o s s i b l a  o a r s  w as t a k a n  t o  
sh a k a  o u t  m o st o f  t h a  w a ta r  i n  th a  g i l l  c h a a b a r .
W eigh t D e te r m in a t io n s  on A n im als w i th  P lu g g e d  A n te n n a ry  g la n d s  
In  o r d a r  t o  r e v e a l  t h a  r o l a  o f  th a  a n ta n n a r y  g la n d s  
i n  a d a p t in g  t h a  a n im a ls  o s m o t i s a l l y  t o  s a a  w a te r  d i l u t i o n s ,  
t h a  g la n d s  w ere p lu g g a d  an d  w e ig h t d a te r m in a t io n s  mada a s  
a b o v e . Tha w e ig h ta  o f  th o s o  a n im a ls  w are  ooarpared  t o  t h o s e  
a n im a ls  w i th  u n p lu g g e d  a n te n n a ry  g l a n d s .  P lu g g in g  o f  th e  
a n te n n a r y  g la n d s  was done b y  d r y in g  t h e  a r e a  a ro u n d  t h e  
o p e re u lu m  o f  t h e  g la n d  a n d  e o v e r in g  i t  w i th  j e w e l e r 's  o e m e n t. 
The eem ent was made s o f t  a n d  p l i a b l e  b y  w arm ing an d  was th e n  
a p p l i e d  t o  t h e  o p e rc u lu m  o f  th e  a n te n n a r y  g lam d w here upon  
s t a n d in g  i t  becam e h a rd  a n d  made a  v e ry  good s e a l .  C a n c e r 
b o r e a l i s  w i th  g la n d s  p lu g g e d  w ere k e p t  in  th e  e x p e r im e n ta l  
m ed ia  f o r  no  lo n g e r  t h a n  e i g h t  h o u r s  b e c a u se  i t  was f e l t  t h a t  
lo n g e r  I n t e r v a l s  m ig h t c a u s e  a d v e r s e  e f f e c t s  t o  t h e  a n im a ls .
W eight D e te r m in a t io n s  on A n im als w ith  P lu g g e d  G u ta  
To r e v e a l  th e  r o l e  o f  th e  g u t  i n  r i d d i n g  th e  
o f  e x c e s s  o sm o tic  w a te r  a s  t h e  a n im a l p e n e t r a t e s  s o r e  d i l u t e  
w a te r s ,  o r a b s  w i th  g u t s  p lu g g e d  w ere  s u b je o te d  to  1 0 0 £ , 875^, 
75*» 50%, and  l±0% s e a  w a t e r .  I n  o r d e r  t o  d o s e  th e  o r a l  
o p e n in g  w i th o u t  i n j u r i n g  th e  a n im a l ,  a  r o l l  o f  c o t to n  was
7p la c e d  i n  t h a  e s o p h a g u s . Tha c a v i t y  b e tw e e n  t h a  m outh  o p e n in g  
and  th a  m a n d ib le  was th a n  f i l l e d  w i th  d ry  e o t to n  an d  m ade 
w a te r p r o o f  by p o u r in g  w arn  p a r a f f i n  o v e r  i t *  Mora w arn  
p a r a f f i n  waa p o u re d  o v e r  t h i a  f i r a t  l a y e r *  w h ich  n a d e  a  
t h i c k  c lo s u r e  w i th o u t  i n j u r i n g  th a  a n im a l a f o r  aa  lo n g  aa  
tw e n ty - f o u r  h o u r s .  The h in d  g u t  was c lo s e d  b y  t y in g  a  t i g h t  
l i g a t u r e  a ro u n d  th e  i n t e s t i n e .  A nim als w are k e p t  i n  t h a  
e x p e r im e n ta l  m ed ia  no  lo n g e r  t h m  e ig h t  h o u r s .  W eigh t d e t e r ­
m in a t io n s  w ere mada th ro u g h o u t  th e  e i g h t  h o u r  p e r i o d .
O a n o tlc  D e te r m in a t io n s
B lo o d  and  u r i n e  w ere  e o l l e o t e d  b y  th e  same m eth o d  
p r e v i o u s ly  d e s c r ib e d  by  th e  a u th o r  (1 9 5 6 ) .  O sm otic  p r e s ­
s u r e  d e te r m in a t io n s  w ere made on 100%* 87%* 75%* 50%, and  
l\.0$ s e a  w a te r  an d  on th e  b lo o d  and u r i n e  o f  a n im a ls  k e p t  
i n  t h e s e  d i l u t i o n s  o f  s a a  w a te r  f o r  tw e n ty - f o u r  h o u r s .  The 
m e l t in g  p o i n t  m ethod  o f  O ro ss  (1 9 5 2 ) was u s e d  to  BM asure 
o sm o tic  p r e s s u r e s .  P ie c e s  o f  c a p i l l a r y  tu b in g  (1 mm. b o re )  
c o n ta in in g  0 .0 5  m is .  o f  f l u i d  w ere s e a l e d  a t  b o th  e n d s  w ith  
c l a y  o r  v a s e l i n e  and m ounted  i n  a  g ro o v e d  p l a s t i c  r a c k  and  
q u ic k ly  f r o s e n  on d ry  i c e .  T h is  p l a s t i c  r a c k  c o n ta in in g  
b o th  th e  unknown s o l u t i o n s  (b lo o d *  u r in e *  o r  s e a  w a te r )  and  
u s u a l l y  f o u r  o r  f i v e  s t a n d a r d  HaCl s o lu t io n s *  was t h e n  p la o e d  
i n  a  c o ld  b r i n e  s o l u t i o n  (P ig *  1 ) b e lo w  t h e  te m p e r a tu re  o f  
th e  unknow ns an d  s t a n d a r d s .  The o o ld  b r i n e  was c o o le d  b y  d ry  
i c e  t o  -5 °C . A s t i r r e r  was u s e d  to  a g i t a t e  t h e  b r in e *  w h ich  
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9s u p p o r t in g  th e  d i s h  o f  h r i n s  ( P i g .  1 ) .  A l i g h t  s o u ro e  
( P i g .  1 )  f ro s i  be low  p a s s e s  th r o u g h  a  s h o o t  o f  p o l a r o i d  th o n  
th ro u g h  t h o  d i s h  c o n ta in in g  th o  c a p i l l a r i e s ,  and  th ro u g h  a  
p l a s t i c  co T o r on  w hich  a  s e c o n d  p io e o  o f  p o l a r o i d  i s  p la o o d .  
Tho f r o s e n  c r y s t a l s  when v iew ed  b y  p o l a r i s e d  l i g h t  g low  
b r i g h t l y .  As th o  b r i n e  s o l u t i o n  warms s lo w ly ,  th o  t r a n s i t i o n  
o f  th o  g lo w in g  c r y s t a l s  fro m  th o  s o l i d  t o  th o  l i q u i d  s t a t e  
i s  a b r u p t  and  s h a r p .  The t im e  o f  c o m p le te  m e l t in g  o f  th e  
f l u i d  in  e a c h  c a p i l l a r y  i s  r e c o r d e d  on a kym ograph . Tho 
t im e  o f  m e l t in g  o f  e a c h  tu b e  i s  th o n  p l o t t e d  a g a i n s t  th o  
known c o n c e n t r a t i o n s  and  t h e  v a lu e s  o f  t h e  unknow ns a re  
o b ta in e d  b y  i n t e r p o l a t i o n .  Tho r e s u l t s  a r e  e x p re s s e d  a s  
e q u iv a l e n t  n o r m a l i t y  o f  R a C l.
The s t a n d a r d  NaCl s o l u t i o n s  u s e d  i n  t h i s  i n v e s t i g a t i o n  
w ere  0 .8 9 H , 0.75H * 0 .5 9 H , 0.1*5N, and  0 .2 0 H .
I o n ic  D e te r m in a t io n s
A lth o u g h  f r e e z i n g  p o i n t  d e te r m in a t io n s  i n d i c a t e  th e  
d e g re e  t o  w hich  a n im a ls  a r e  a b le  to  m a in ta in ,  o s m o t ic a l l y ,  
t h e i r  body f l u i d s  ab o v e  t h a t  o f  th e  e x t e r n a l  m edium , th e y  
do n o t  i n d i c a t e  how t h i s  i s  done on th e  i o n i c  l e v e l .  To 
d e te rm in e  th e  d e g re e  o f  i o n i c  r e g u l a t i o n  i n  C an ce r b o r e a l i s . 
a n im a ls  w e re  p la c e d  f o r  a  p e r i o d  o f  tw e n ty - f o u r  h o u r s  i n  
100%, 87%, 75%, 50%, and  t|.0% s e a  w a te r .  T hen th e  s e a  w a te r ,  
b lo o d ,  and  u r i n e  w ere a n a ly s e d  f o r  t o t a l  c h l o r i d e ,  sod ium , 
m agnesium , c a lc iu m , and  p o ta s s iu m .
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P o ta s s iu m , so d iu m , and  c a le iu m  w ere  m a a su rsd  w i th  
a  P e rk in -E lm e r  F lam s P h o to m e te r ,  u s in g  an  a o s t y l a n s  f la m * .
T hs u r i n e  sa m p le s  w ere  r e a d  d i r e o t l y  a f t e r  a p p r o p r i a t e  
d i l u t i o n s .  The b lo o d  sa m p le s  w ere  a l lo w e d  t o  e l o t  and  a f t e r  
d i l u t i o n  th e y  w ere  r e a d  aa s h o r e .  The so d iu m  sa m p le s  w ere  
d i l u t e d  1 :1 0 0 0  and  t h e  p o ta s s iu m  an d  c a lc iu m  sa m p le s  w ere  
d i l u t e d  1 :5 0 0 .
A B auach and Lomb S p e c tro p h o to m e te r  ( S p e e t r o n ic  "2 0 " )  
was u s e d  f o r  th e  c h l o r i d e  and  m agnesium  d e te r m i n a t i o n a .  
A n a ly se s  w ere made a f t e r  t h e  e h l o r l d e  s a m p le s  w ere d i l u t e d  
1 :1 0 0 0  an d  t h e  m agnesium  sa m p le s  d i l u t e d  i : 5 0 .
The p r i n o l p l e  b e h in d  th e  c h l o r i d e  d e te r m i n a t i o n  was 
a d a p te d  fro m  S e n d ro y  (1 9 3 7 ) .  The sam p le  i s  sh a k e n  w ith  
s i l v e r  i o d a t e  an d  t h e  l o d a t e  i s  d e te rm in e d  p h o to ­
m e t r i c a l l y .
HaCl + A glO j ________  AgCl + H aI0 3
The s i l v e r  c h l o r i d e  i s  I n s o l u b l e  and  comes o u t  o f  s o l u t i o n .  
Sodium i o d a t e  i s  s o l u b l e  and g o e s  i n t o  s o l u t i o n  th u s  s e r v i n g  
a s  an a c c u r a t e  m e a su re  o f  t h e  c h l o r i d e  p r e s e n t .
The m agnesium  d e te r m i n a t i o n  was done  by  a  m o d i f i c a t i o n  
o f  t h e  m ethod  o f  D e n is  (1 9 2 2 ) .  A f t e r  t h e  c a lo iu m  i s  p r e c i p i ­
t a t e d  a s  c a lc iu m  o x a l a t e  i n  an  a c id  m edium , th e  m agnesium  i s  
th e n  p r e o l p i t a t e d  a s  m agnesium  ammonium p h o s p h a te  and  th e  
l a t t e r  e s t im a te d  b y  a c o l o r i m e t r i c  p h o s p h a te  d e t e r m i n a t i o n .
RESULTS
W eight C hanges I n  Norm al A n im als
As C e n c e r  b o r e a l ! e  i s  s u b je c te d  t o  lo w e re d  s a l i n i t i e s  
o f  s e a  w a te r  (T a b le  1 ) a  g a in  i n  w e ig h t o f  t h e  no rm al a n im a ls  
i s  n o te d .
In  100% s e a  w a te r  (T a b le  1 and F ig u re  2) th e  a n im a ls  
l o s t  an a v e ra g e  o f  1.5% o f  t h e i r  body w e ig h t a f t e r  tw o h o u rs*  
At t h e  en d  o f  f o u r  and tw e n ty - f o u r  h o u r  p e r i o d s  an  e q u i l i b r iu m  
a p p a r e n t ly  h a d  been  e s t a b l i s h e d *  f o r  c o n s t a n t  w e ig h t  d e c r e a s e s  
o f  0*9% and  0.8%  w ere  e v id e n t .
When th e  a n im a ls  w ere s u b j e c t e d  t o  87% s e a  w a te r  
(T a b le  1 and  F ig u re  2) a  d e c r e a s e  i n  w e ig h t  i s  s t i l l  n o t i c e d  
b u t  t h e r e  i s  a  te n d e n o y  f o r  t h e  w e ig h t change  t o  b e  l e s s  th a n  
i t  was i n  100% s e a  w a te r .  An a v e ra g e  p e r c e n t  w e ig h t  l o s s  o f  
0*1+%* 0 .9% , 0*5%* 0*7%, and  0*8% was r e v e a l e d  a f t e r  two* f o u r ,  
s i x ,  tw e lv e *  and  tw e n ty - f o u r  h o u r s  r e s p e c t i v e l y .
In  75% s e a  w a te r  t h e  w e ig h ts  o f  th e  e x p e r im e n ta l  
a n im a ls  show ed l i t t l e  change  (T a b le  1 and  F ig u re  2 ) .  A f t e r  
two h o u rs  a  0.2%  I n c r e a s e  i n  body w e ig h t i s  n o t e d .  A f te r  s i x  
h o u r s  a  0.1+% i n c r e a s e  i s  e v i d e n t .  When th e  a n im a ls  w ere  
w e ig h ed  a t  th e  e ig h t  h o u r  I n t e r v a l  a  0.1+% i n c r e a s e  was fo u n d . 
F o llo w in g  b o th  th e  e ig h t e e n  and  tw e n ty - f o u r  h o u r  p e r i o d s  a  
0.1%  w e ig h t d e o re a s e  was r e o o r d e d .
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ITtbli 1
Average Percent Valgbt Changes of Hmul Animals Cagiared to ialM li 
with Flogged Ant<20107 Qlsnds md Outi,
Average Percent Weight Changes ♦ Standard Error of H»*n 
100? Sea Water 87? Sea Water
Tine Ho,
in Ani- Hornal Glands Outs Normal Olanda Guts
Hrs. male Animals Plugged Plugged Animals Plugged Plugged
O h o  0 0 0 0 0
2 li -1,5+0,6 -O.h+O.2 -0,2+0,2 -o.h+o.3 +0.310.3 +0.1+0,2
It It - 0 ,£ 0 ,2 -O.h+O.h -0,02*0,3 -0.9+0.2 +0,8*0.2 +1.0+0.lt






2h li -0,8+0,3 -O.8+O.I1
75K Sea Water 5 $  Sea Water 1:0? Sea Water
Normal Glands Outs Normal Glands Guta Normal Glanda Gut*
Animals Plugged Plugged Animals Plugged Plugged Anlaals Plugged Plugged
♦0,2+0,5 +1,6+0. It +0,6+0,7 +1.9+0,a +3.5W.2 +3.6+1.0 +2,l*p.k +li,£0,5 *2.£0,lt
♦2,5+0,6* +2,5+0,5 +1,9+0.2 +I|,9+0.2 +h.2+0.6 +3.0+0.5 4 1 * 0 .8  +2.8+0.2
“  -  ••  •  *  * m  ^  m  m
♦0 .12+0,3 +2.7+0,6 +2,9+0,7 +0,9+0,2 +6,2+0,6 +lj,0+0,7 +2,^0 ,6 +ii,8*0,1 +3,£0.06






P ig*  2 . P e r c e n t  w e ig h t  c h a n g e s  o f  n o rm a l a n im a ls  
s u b j e c t e d  t o  v a r io u s  s a l i n i t i e s  o f  s e a  w a te r .  H o r iz o n ta l  
l i n e  a t  z e ro  p e r c e n t  w e ig h t c h an g e  r e p r e s e n t s  t h e  i n i t i a l  
w e ig h ts  o f  t h e  a n im a ls .  S q u a re s  i n d i c a t e  t h e  a r i t h m e t i c a l  
mean o f  th e  p e r c e n t  w e ig h t c h a n g e s  o f  t h e  num ber o f  a n i ­
m a ls  u s e d  (T a b le  1 ) a t  e a c h  s p e c i f i c  p o i n t .  V e r t i c a l  
l i n e s  a t  e a c h  s q u a r e  l n d l o a t e  p l u s  o r  m in u s s t a n d a r d  
e r r o r  o f  t h e  m ean p e r o e n t  w e ig h t  c h a n g e . Tim e i n  h o u r s  
i s  i n d i c a t e d  a lo n g  t h e  b o tto m  a b s c i s s a .  The p e r c e n t  
















I t  w ould  s e r a  t h a t  a n im a ls  i n  75% e e a  w a ta r  show 
l l t t l a  change  i n  body  w e ig h t o v e r  t h e i r  i n i t i a l  w e ig h t .
T h is  i a  p o s s i b l y  due t o  th e  f a o t  t h a t  t h i s  s a l i n i t y  o l o s e iy  
a p p ro a c h e s  t h a t  o f  t h e  n o rm a l e n v iro n m e n t o f  t h e  a n im a l and  
t h e  s l i g h t  c h a n g e s  n o te d  a r e  p e rh a p s  due t o  t h e  n o rm al l o s s  
o r  r e t e n t i o n  o f  u r i n e  a t  any  one tim e  when th e  a n im a ls  a r e  
w e ig h e d . H ow ever, i t  m u st be b o rn e  i n  m ind t h a t  th e  s a l i n i t y  
o f  th e  s to o k  aq u a riu m  ta n k s  i n  w hich  th e s e  o ra b s  w ere p la c e d  
f l u c t u a t e d  from  75% to  100% s e a  w a te r  a t  d i f f e r e n t  t im e s  
th ro u g h o u t  th e  y e a r .  B eoause  o f  t h i s  f l u c t u a t i o n ,  any  g ro u p  
o f  a n im a ls  p l a c e d  i n  th e  s to c k  ta n k s  c o n ta in i n g  a c o n c e n t r a ­
t i o n  o f  75% s e a  w a te r  w ould  h a r e  a p p ro a e h e d  e q u i l i b r iu m  w ith  
th e  e n v iro n m e n ta l  s e a  w a te r  an d  w ould  show m in o r f l u c t u a t i o n s  
i n  w e ig h t a ro u n d  t h e  i n i t i a l  w e ig h t .  By th e  same to k e n ,  i f  
s to o k  a n im a ls  h a p p e n e d  t o  be p la c e d  i n  a q u a r i a  w i th  a  s to o k  
s a l i n i t y  o f  100% s e a  w a te r ,  b e f o r e  i n i t i a l  w e ig h ts  w ere t a k e n  
one w ould  e x p e c t  su c h  a n im a ls  t o  come t o  e q u i l i b r iu m  w ith  
t h i s  e n v iro n m e n t and  s i m i l a r l y  show m in o r f l u c t u a t i o n s  a ro u n d  
t h e i r  i n i t i a l  w e ig h t .
A n im als s u b je c t e d  t o  50% s e a  w a te r  (T a b le  1 and  P ig .
2 ) show ed an a v e ra g e  I n c r e a s e  i n  w e ig h t a t  e v e ry  w e ig h t 
m easu rem en t i n t e r v a l .  A f t e r  two and f o u r  h o u r s  a  1.9%  i n ­
c r e a s e  was n o te d .  A 0 .9% , 1*0%, 1 .1% , and  1.9%  in c r e a s e  was 
e v id e n t  a f t e r  s i x ,  e i g h t ,  t e n ,  tw e n ty ,  an d  tw e n ty - f o u r  h o u r s  
r e s p e c t i v e l y .
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The g r e a t e s t  i n c r e a s e  i n  w i g h t  waa r e v e a l e d  when 
C an ce r b o r e a l ! a  waa p la e e d  i n  1|0% a e a  w a te r  (T a b le  1 and  
F ig«  2 ) .  A t th e  en d  o f  two h o u r s  a  2.1% in e r e a e e  waa 
r e c o r d e d .  At t h e  e n d  o f  f o u r  h o u ra  a  3.0% in o r e a a e  waa 
e v i d e n t .  The a ix  h o u r  w e ig h in g  showed a 2.5% in e r e a e e  and  
a t  th e  end  o f  e ig h t  and  tw e n ty - f o u r  h o u ra  a  3*0% i n c r e a s e  
waa m a in ta in e d *
A lth o u g h  some o f  th e  w e ig h t ch an g es  o f  a n im a ls  i n  
th e  v a r io u s  d i l u t i o n s  o f  s e a  w a te r  do n o t  seem  t o  be  
s t a t i s t i c a l l y  s i g n i f i c a n t  when com pared  ( F ig .  2 ) a  t r e n d  
to w a rd s  i n c r e a s e  i n  w e ig h t aa t h e  s a l i n i t y  l a  lo w e re d  seems 
to  be p r e s e n t .
W eight C hanges o f  A n im als w i th  P lu g g e d  A n te n n a ry  g la n d s
The w e ig h t d i f f e r e n c e s  o f  a n im a ls  w i th  t h e i r  a n te n n a ry  
g la n d a  p lu g g e d  (T a b le  1 ) show i n  g e n e r a l  t h a t  th e y  g a in  m ore 
w e ig h t th a n  n o rm al o ra b s  i n  th e  same c o n c e n t r a t i o n  o f  s e a  
w a te r .
A f te r  two h o u rs  th e  a v e ra g e  p e r c e n t  d e c r e a s e  i n  w e ig h t 
o f  a n im a ls  p la c e d  in  100% s e a  w a te r  was o n ly  0.!*$ (T a b le  1 
and F ig .  3 ) .  N orm al a n im a ls  l o s t  an  a v e ra g e  o f  1«5% o f  t h e i r  
body w e ig h t a f t e r  t h i s  p e r i o d .  A f t e r  f o u r  h o u r s  th e  d e c r e a s e  
in  w e ig h t o f  a n te n n a r y  g la n d -p lu g g e d  a n im a ls  was o n ly  0.1%  
and  a f t e r  s ix  h o u r s  an in o r e a s e  o f  0*h$  i s  i n d i c a t e d .  When 
th e s e  w e ig h t l o s s e s  a r e  com pared  w i th  n o rm al a n im a ls  i t  i s  
e v id e n t  t h a t  th e  l a t t e r  l o s e  m ore w e ig h t th a n  th e  fo rm e r .
P ig*  3* P e r c e n t  w e ig h t c h a n g e s  o f  n o rm al a n im a ls  a s  com- 
p a r a d  t o  a n te n n a r y  g la n d  and  g u t - p lu g g e d  a n im a ls  i n  100% 
s e a  w a te r .  H o r iz o n ta l  l i n e  a t  z e ro  p e r c e n t  w e ig h t ch an g e  
r e p r e s e n t s  th e  i n i t i a l  w e ig h ts  o f  th e  a n im a ls .  S q u a re s  
I n d i c a t e  th e  a r i t h m e t i c a l  mean o f  th e  p e r c e n t  w e ig h t 
c h a n g e s  o f  t h e  num ber o f  s n im a ls  u se d  (T a b le  1 ) a t  e a c h  
s p e c i f i c  p o i n t .  V e r t i c a l  l i n e s  a t  e ac h  s q u a re  i n d i c a t e  
p l u s  o r  m in u s s t a n d a r d  e r r o r  o f  th e  m ean p e r c e n t  w e ig h t 
c h a n g e • Tim e i n  h o u r s  i s  i n d i c a t e d  a lo n g  t h e  b o tto m  
a b s c i s s a .  The p e r c e n t  w e ig h t ch an g e  i s  i n d i c a t e d  a lo n g  





















T a b le  1 and  F ig u re  1*. g iv e  th e  v a lu e s  o b ta in e d  when 
C anoer b o r e a l l a  l a  s u b j e c t e d  t o  87% a e a  w a te r .  Two h o u rs  
a f t e r  th e  a n im a ls  w ere  p l a c e d  I n  t h i s  d i l u t i o n  o f  s e a  w a te r  
w i th  t h e i r  g la n d s  p lu g g e d  an  a v e ra g e  I n o r e a s e  i n  w e ig h t o f  
0.3% I s  e v i d e n t .  A f te r  f o u r  and  s i x  h o u r s  a  0.8%  I n o r e a s e  
was r e c o r d e d .  N orm al a n im a ls  i n  th e  same d i l u t i o n  a l l  showed 
a d e c r e a s e  i n  w e ig h t a t  e v e ry  w e ig h t m ea su re m e n t.
Q 1 e n d -p lu g g e d  a n im a ls  i n  75% s e a  w a te r  (T a b le  1 and  
F ig u re  5 ) show a f t e r  tw o , f o u r ,  and s i x  h o u rs  an  a v e ra g e  
p e r o e n t  i n c r e a s e  i n  w e ig h t o f  1 .6% , 2.5%* and  2.7%  r e s p e c ­
t i v e l y .  N orm al a n im a ls  show l i t t l e  ch an g e  i n  w e ig h t when 
p l a c e d  i n  t h i s  d i l u t i o n  (T a b le  1 and  F ig u re  5 )«
The r e s u l t s  w i th  t h e  50% d i l u t i o n  (T a b le  1 an d  
F ig u r e  6 ) a g a in  show a m arked  I n c r e a s e  i n  w e ig h t o f  g la n d -  
p lu g g e d  a n im a ls  w ith  r e s p e c t  t o  n o rm a l a n im a ls .  At two 
h o u r s  a  3.9% i n c r e a s e  i n  w e ig h t i s  n o t e d .  A t f o u r  h o u r s  a 
h.9%  I n c r e a s e  i s  e v id e n t  and  a t  s ix  h o u r s  a 6.2% in c r e a s e  i s  
c l e a r l y  s e e n .
Vhen C an ce r b o r e a l i s  i s  s u b j e c t e d  t o  lj.0% s e a  w a te r  
(T a b le  1 and  F ig u r e  7) w ith  I t s  g la n d s  p lu g g e d  lj..2%, k.,1% 
and  h.8%  w e ig h t g a in s  a r e  n o te d  a f t e r  tw o , f o u r ,  and  s i x  
h o u r s .
F i g .  ij.. P e r c e n t  w e ig h t  c h a n g e s  o f  n o rm al a n im a ls  
a s  com pared  t o  a n te n n a r y  g la n d  and  g u t - p lu g g e d  a n im a ls  i n  
87# s e a  w a te r .  H o r i z o n ta l  l i n e  a t  z e ro  p e r c e n t  w e ig h t 
c h an g e  r e p r e s e n t s  t h e  i n i t i a l  w e ig h ts  o f  th e  a n im a ls .  
S q u a re s  I n d i c a t e  t h e  a r i t h m e t i c a l  mean o f  t h e  p e r c e n t  
w e ig h t  c h a n g e s  o f  th e  num ber o f  a n im a ls  u s e d  (T a b le  1 ) 
a t  e a c h  s p e c i f i c  p o i n t .  V e r t i c a l  l i n e s  a t  e a c h  s q u a re  
i n d i c a t e  p l u s  o r  m in u s  s t a n d a r d  e r r o r  o f  t h e  m ean p e r c e n t  
w e ig h t  c h a n g e . Tim e i n  h o u r s  i s  i n d i c a t e d  a lo n g  th e  
b o tto m  a b s c i s s a .  The p e r c e n t  w e ig h t  c h an g e  i s  i n d i c a t e d  





















F ig*  5* P e r c e n t  w e ig h t  c h a n g e s  o f  n o rm a l a n im a ls  
a s  com pared  to  a n te n n a r y  g la n d  an d  g u t - p lu g g e d  a n im a ls  
i n  75% a ®a w a te r .  H o r iz o n ta l  l i n e  a t  z e ro  p e r c e n t  w e ig h t 
c h an g e  r e p r e s e n t s  t h e  i n i t i a l  w e ig h ts  o f  t h e  a n im a ls*  
S q u a re s  I n d i c a t e  th e  a r i t h m e t i c a l  m ean o f  t h e  p e r c e n t  
w e ig h t  c h a n g e s  o f  th e  num ber o f  a n im a ls  u s e d  (T a b le  1) 
a t  e a c h  s p e c i f i c  p c l n t .  V e r t i c a l  l i n e s  a t  e a c h  s q u a r e  
i n d i c a t e  p lu s  o r  m in u s s t a n d a r d  e r r o r  o f  t h e  m ean p e r ­
c e n t  w e ig h t c h a n g e . Tim e i n  h o u r s  i s  I n d i c a t e d  a lo n g  
t h e  b o tto m  a b s o i s s a *  The p e r c e n t  w e ig h t change  l a  
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P ig*  6* P e r c e n t  w e ig h t c h a n g e s  o f  n o rm a l a n im a ls  
a s  com pared  to  a n te n n a r y  g la n d  an d  g u t - p lu g g e d  a n im a ls  
i n  50% s e a  w a te r .  H o r i z o n ta l  l i n e  a t  z e ro  p e r c e n t  w e ig h t 
c h an g e  r e p r e s e n t s  th e  I n i t i a l  w e ig h ts  o f  t h e  a n im a ls*  
S q u a re s  i n d i c a t e  t h e  a r i t h m e t i c a l  mean o f  t h e  p e r e e n t  
w e ig h t  c h a n g e s  o f  th e  num ber o f  a n im a ls  u s e d  (T a b le  1) 
a t  e a c h  s p e c i f i c  p o in t*  V e r t i c a l  l i n e s  a t  e a c h  s q u a r e  
i n d i c a t e  p l u s  o r  m in u s  s t a n d a r d  e r r o r  o f  t h e  mean p e r ­
e e n t  w e ig h t ch an g e*  Tim e i n  h o u r s  i s  i n d i c a t e d  a lo n g  
th e  b o tto m  a b s c i s s a .  The p e r c e n t  w e ig h t c h an g e  i s  
i n d i c a t e d  a lo n g  t h e  o r d in a t e *
(-* CO
Percent Weight Change
W rf* CD CD
P ig *  7* P e r c e n t  w e ig h t  c h a n g e s  o f  n o rm al a n im a l a 
a s  com pared  t o  a n te n n a r y  g la n d  and  g u t - p lu g g e d  a n im a ls  
in  £4.0% s e a  w a te r .  H o r i z o n ta l  l i n e  a t  z e ro  p e r c e n t  w e ig h t 
c h an g e  r e p r e s e n t s  t h e  i n i t i a l  w e ig h ts  o f  t h e  a n im a l s .  
S q u a re s  I n d i c a t e  t h e  a r i t h m e t i c a l  m ean o f  th e  p e r c e n t  
w e ig h t  c h a n g e s  o f  th e  num ber o f  a n im a ls  u s e d  (T a b le  1 ) 
a t  e a c h  s p e c i f i c  p o i n t .  V e r t i c a l  l i n e s  a t  e a c h  s q u a r e  
i n d i c a t e  p l u s  o r  m in u s s t a n d a r d  e r r o r  o f  t h e  mean p e r ­
c e n t  w e ig h t  c h a n g e . Tim e i n  h o u r s  i s  i n d i c a t e d  a lo n g  
t h e  b o tto m  a b s c i s s a .  The p e r c e n t  w e ig h t  ch an g e  i s  













□ Normal Animals 
a  Gut-Plugged Animal8











The r e s u l t s  o f  p lu g g in g  t h e  a n te im a ry  g la n d s  c l e a r l y  
in d lo a to  t h a t  t h e r e  i s  an  i n o r s a s s  i n  u r i n s  p ro d u c t io n  a s  th o  
e x t e r n a l  n s d iu n  i s  lo w e re d . F ro *  100% s s a  v a t  o r  t o  50% s s a  
w a te r  th o  i n e r s a s a  i n  p r o d u c t io n  o f  u r i n s  w ould seem  t o  ba
r s s p o n a l b l s  f o r  th a  ln c r a a a a a  i n  w e ig h t above t h a t  o f  n o rm al 
a n im a ls .  F o r exam p le , a t  th a  and  o f  e ig h t  h o u rs  in  100% 
s e a  w a te r  and s ix  h o u rs  i n  87% s e a  w a te r ,  g la n d  p lu g g e d  
a n im a ls  showed an in c r e a s e  i n  w e ig h t o f  1*3% above no rm al 
a n im a ls  i n  th e  same d i l u t i o n  ( P ig .  3 and if.). I n  75% s e a  
w a te r  a 2.3% in o r e a s e  above n o rm al a n im a ls  was n o te d  and  
in  50% s e a  w a te r  th e  in o r e a s e  r o s e  to  5*3% a f t e r  s i x  h o u rs  
( P ig .  5 snd  6 ) .
A d is c r e p a n c y  i s  n o te d  when one com pares g la n d -  
p lu g g e d  a n ima l  a  i n  th e  50% d i l u t i o n  w ith  a n im a ls  In  th e  
h0% d i l u t i o n  ( P ig .  6 and 7)*  C rabs g a in  m ore w e ig h t i n  
50% s e a  w a te r  th a n  i n  lj.0% s e a  w a te r .  S in e e  1*0% s e a  w a te r  
i s  th e  l i m i t  i n  d i l u t i o n  o f  th e  e x t e r n a l  medium w hich 
C anocr b o r e a l i s  i s  a b le  t o  t o l e r a t e ,  th e  m echanism  f o r  
in c r e a s e d  u r in e  p r o d u o t lo n  i n  a l l  p r o b a b i l i t y  b r e a k s  down 
in  t h i s  d i l u t i o n .  B ecause  o f  t h i s  f a i l u r e ,  i t  i s  con ­
c e iv a b le  t h a t  u r i n e  p ro d u c t io n  i s  h in d e r e d  and t h a t ,  a s  a 
r e s u l t ,  th e  w e ig h ts  o f  th e  g la n d -p lu g g e d  a n im a ls  i n  1*0% 
s e a  w a te r  a re  l e s s  th a n  a n im a ls  in  50% * •*  w a te r .
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W eight C h u u w i I n  A n im als w i th  P lu g g e d  (h its
W eight eh en g ee  o f  g u t - p lu g g e d  a n im a ls  s u b je c t e d  t o  
100%, 87%, 75%# 50%, and  1^ 0% a e a  w a te r  a r e  d e p le te d  I n  
T a b le  1 and  P lg u r e s  3# M-# 5# 8 ,  and  7 .
I n  100% a e a  w a te r  (T a b le  1 and  P i g .  3) a  d e o re a a e  
In  w e ig h t o f  0.2%  a f t e r  two h o u r s ,  0.1%  a f t e r  f o u r  h o u r s ,  
end  O.i .^% a f t e r  e i g h t  h o u rs  was n o te d .  T h is  I s  a s m a l l e r  
d e c r e a s e  In  w e ig h t th a n  I s  o b s e rv e d  I n  n o rm al a n im a ls  b u t  
s i m i l a r  t o  t h e  g la n d - p lu g g e d  a n im a ls .
A 0.1%  I n c r e a s e  I n  w e ig h t l a  e v id e n t  a f t e r  t h e  a n i ­
m al a w ere s u b je o te d  to  87% a e a  w a te r  f o r  two h o u r s  (T a b le  1 
and  F i g .  At t h e  en d  o f  f o u r  and  s i x  h o u r s  a n  i n o r e a s e
In  w e ig h t o f  1.0% and  0.7%  w ere  n o te d  r e s p e c t i v e l y .  A ga in  
t h e  c h a n g e s  I n  w e ig h t d i f f e r  c o n s id e r a b ly  from  n o rm a l a n im a ls  
b u t  show th e  same t r e n d s  aa  I n  g la n d -p lu g g e d  a n im a ls .
I n  75% s e a  w a te r  (T a b le  1 an d  P i g .  5 ) an  I n c r e a s e  o f  
0.6%  was n o te d  a f t e r  two h o u r s ,  2.5%# and 2 .\%  a t  t h e  end  
o f  f o u r  and s i x  h o u r s  r e s p e c t i v e l y .
A n im als p l a c e d  I n  50% s e a  w a te r  w ith  t h e i r  g u t s  
p lu g g e d  show an a v e ra g e  I n o r e a s e  i n  w e ig h t o f  3*6%, ii.2% , 
and i}..0% a f t e r  tw o , f o u r ,  and  s i x  h o u r s  r e s p e c t i v e l y  (T a b le  1 
and  P ig .  6 ) .  The w e ig h ts  o f  t h e s e  a n lm a la  d i f f e r  m a rk e d ly  
fro m  th e  n o rm al a n im a ls  b u t  a r e  v e ry  s i m i l a r  t o  th o s e  o f  
g la n d - p lu g g e d  a n im a ls .
I t  I s  e v id e n t  t h a t  g u t - p lu g g e d  a n im a ls  g a in  m ore w e ig h t
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t h a n  n o rm a l a n im a l a I n  t h a  sama o o n o a n t r a t l o n a  o f  a a a  w a t e r ,  
th u a  a u g g a a t ln g  a n o th a r  r o u t a  b y  w h ieh  a z o a a a  w a ta r  l a  
a l i m l n a t a d  fro m  t h a  o r a b s .  A f t a r  e i g h t  h o u ra  i n  100% a a a  
w a t a r ,  g u t - p lu g g e d  an im a l a ahow ad an  i n e r a a a a  i n  w e ig h t  o f  
1,3%  aa  com pared  t o  n o rm a l a n im a la  i n  th a  a an  a  d i l u t i o n  
(P ig *  3 ) .  I n  87% a a a  w a ta r  ( P ig .  1|) a f t a r  a ix  h o u r s  th a  
i n c r a a s a  above n o rm a l a n im a ls  was 1 .2% . A n im als i n  75% 
a a a  w a ta r  ( P i g .  5) show an i n c r e a s e  o f  2.5%  o v e r  n o rm a ls  
w h i le  c r a b s  i n  50% s e a  w a ta r  show  an  i n c r a a s a  i n  w e ig h t  
ab o v e  n o rm a l a n im a ls  o f  3*0% a f t a r  a i x  h o u ra  ( P i g .  6 ) .
I n  lj.0% a a a  w a t a r ,  h o w e v e r , an  i n e r a a a a  o f  2.3%  i s  e v id e n t  
a t  t h a  and  o f  s i x  h o u r s  ( P i g .  7 ) .
Tha w e ig h ts  o f  g u t - p lu g g a d  and  n o rm a l a n im a ls  seam  
t o  o v e r l a p  i n  lj.0% s e a  w a te r .  A g a in  t h i s  s u g g e s t s  t h a t  
c e l l u l a r  m eohan lsm s t h a t  n o r m a l ly  s e c r e t e  w a ta r  i n t o  t h e  
g u t  f o r  e l i m i n a t i o n  b r e a k  down i n  t h i s  d i l u t i o n .
O sm otic  R e g u la t io n
O sm otic  c o n c e n t r a t i o n s  (T a b le  2 ) ,  e x p r e s s e d  a s  
e q u i v a l e n t s  o f  n o rm a l N aC l, show t h a t  i n  100% s e a  w a ta r  
t h a  b lo o d  l a  s l i g h t l y  h y p o to n ic  and  th e  u r i n e  a lm o s t  
i s o t o n i o  t o  t h a  s e a  w a te r .
I n  87% s e a  w a ta r  t h a  h y p o t o n i c l t y  o f  t h a  b lo o d  w i th  
r a s p a o t  t o  t h a  e x t e r n a l  m edium  i s  s t i l l  p r e s e n t .  U r in e  
m e a su re m e n ta  a g a in  f o l lo w  c lo s e  t o  t h a  s e a  w a ta r  v a lu e  
(T a b le  2 ) .
A nim als i n  75% • • •  w a ta r  hav e  an  l n t a r a a l  e n v iro n m en t 
w h ieh  i a  e s s e n t i a l l y  i a o t o n i o  t o  t h a  e x t e r n a l  medium 
(T a b le  2) b u t  th e  t r e n d  aeema t o  be  to w a rd s  a  a l i g h t  h ypo - 
t o n l e i t y .  The u r i n e  i n  t h i a  o aae  aeema t o  v a r y ,  f o r  i t  i a  
i a o to n io  o r  h y p a r to n ie  t o  t h e  b lo o d  and h y p o to n ic ,  i a o t o n i o ,  
o r  h y p a r to n ie  to  th e  e x t e r n a l  medium.
The b lo o d  o f  t h e  a n im a la  in  50% a e a  w a te r  (T a b le  2) 
d la p la y a  a  a l i g h t  h y p e r t o n l c l t y  to  th e  e x te r n a l  medium.
U rin e  v a lu e *  show a h y p e r t o n i c i t y ,  an i s o t o n i c i t y  o r  h y p o - 
t o n i o l t y  t o  th e  s e a  w a te r .
I n  ij.0% s e a  w a te r  a g a in ,  a h y p e r to n ic  i n t e r n a l  e n v i r ­
onm ent , w ith  r e s p e c t  t o  t h e  s e a  w a te r ,  l a  e v id e n t .  The 
u r in e  v a lu e s  a r e  s i m i l a r  t o  th o s e  o f  t h e  e x te r n a l  medium. 
A lth o u g h  t h e  b lo o d  i a  h y p a r to n ie  to  t h e  e x t e r n a l  medium in  
t h i a  d i l u t i o n ,  s u r v i v a l  i a  p o o r  and d e a th  o e e u rs  b e f o r e  an  
i s o t o n l e l t y  l a  a t t a i n e d .
A g ra p h  show ing  th e  e x te r n a l  e n v iro n m e n t c o n c e n tr a ­
t i o n  p l o t t e d  a g a i n s t  th e  I n t e r n a l  e n v iro n m e n t i s  d e p ic te d  
in  P ig .  6 .  I t  w i l l  be  o b s e rv e d  from  t h i s  f i g u r e  t h a t  th e  
c r a b s  have  an h y p o to n ic  o r  i a o to n io  i n t e r n a l  en v iro n m en t 
w ith  r e s p e c t  t o  th e  s e a  w a te r  i n  100%, 87%, and  75% a ea  
w a te r .  The body f l u i d s  becom e h y p e r to n lo  i n  50% an d  t|.0% a e a  
w a te r  b u t  s u r v i v a l  l a  p o o r  i n  th e  l a t t e r .  The l i m i t e d  pow ers 
o f  C an ce r b o r e a l i s  t o  r e g u l a t e  I t a  I n t e r n a l  e n v iro n m en t 
o a m o t le a l ly  a p p e a rs  to  be d r a s t i c a l l y  im p a ire d  i n  l|.0% aea  
w a te r  and d e a th  e n su e s  b e f o r e  an e q u i l ib r iu m  i s  r e a c h e d .
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T a b le  2 .  O sm otic  C o n c e n t r a t io n s  o f  t h a  B lo o d  n d  U r in e  o f  
C an o er b o r e a l i s  i n  V a ry in g  S a l i n i t i e s  o f  S ea  
W a te r . A l l  v a lu e s  a r e  e x p re s s e d  I n  e q u i v a l e n t s  
o f  n o rm a l N aC l.
Mean R a t io  
o f  B lood  t o
P e ro e n t
Sea
W ater
No. o f  
A n im als 
U sed
C one . o f  
S e a  W ater
* S ta n d a rd  
e r r o r  o f  
t h e  mean
Mean C one, 
o f  B lood
+ ( 1 )* S ta n d a rd
e r r o r  o f
t h a  mean
Mean C one, 
o f  U r in e  
* S ta n d a r d  
e r r o r  o f  
t h e  m ean
S ea  W ater
i  * 
e
* S ta n d a r d  
e r r o r  o f  
t h e  mean
100% k 0 .5 7 * 0 .0 0 .5 4 * * 0 1 o .5 8 * .o i 0 .9 4 * .0 2
37% 3 0 .4 9 * 0 .0 0 .4 3 * « 0 2 0 .4 8 * .0 1 0 .8 9 * .0 4
75% k 0 .4 3 * 0 .0 0 . 40* .0 3 0 .4 3 * .0 4 0 .9 3 * .0 9
50% k 0 .2 0 * 0 .0 0 .3 3 * .0 1 0 .2 9 * .0 4 1 .2 0 * .0 1
40% 3 0 .2 0 * 0 .0 0 .2 6 * .0 2 0 » 2 l * .0 l 1 . 30*.01
* A r a t i o  (1) o f  l e s s  th a n  o n e  d e s i g n a t e s  an  h y p o to n ic  i n t e r -  
a
n a l  e n v iro n m e n t w i th  r e s p e c t  t o  th e  e x t e r n a l  m edium ; o f  
one i n d i c a t e s  i s o t o n i c i t y ;  and  o f  m ore th a n  one  i n d i c a t e s  
an  h y p e r to n lo  I n t e r n a l  e n v iro n m e n t .
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A lth o u g h  th o  r a t i o  o f  t h a  b lo o d  t o  t h a  a x t a r n a l  e n v iro n m e n t 
i n  t h i s  s a l i n i t y  i s  1 .3 0  (T a b le  2 ) ,  i n d i c a t i n g  t h a t  t h a  
b lo o d  l a  h y p a r to n io  t o  t h a  a a a  w a ta r ,  a n im a ls  o a n n o t s u r v iv e  
snore t h a n  t w e n ty - f o u r  h o u r  a i n  t h i a  m edium .
I o n t o  R e g u la t io n
The r e s u l t s  o f  t h e  c h e m ic a l  a n a l y s e s  o f  t h e  s e a  
w a t e r ,  b l o o d ,  and  u r i n e  a p p e a r  i n  T a b le s  3» 5* 6* and  7
and  r e p r e s e n t  a n a l y s e s  o f  p o o le d  sa m p le s  f ro m  f o u r  a n i m a l s .
I n  100% s e a  w a te r  (T a b le  3) p o ta s s iu m  and so d iu m  a re  
t h e  o n ly  io n s  w h ich  a p p e a r  t o  b e  a b s o rb e d  a g a i n s t  a  c o n c e n ­
t r a t i o n  g r a d i e n t ,  f o r  b lo o d  c o n c e n t r a t i o n s  a r e  s l i g h t l y  
h i g h e r  th a n  t h o s e  o f  t h e  s e a  w a te r .  C a lc iu m , m agnesium , an d  
c h l o r i d e ,  on  th e  o t h e r  h a n d , e n t e r  t h a  b lo o d  by  s im p le  
d i f f u s i o n  f o r  th e y  a r e  s l i g h t l y  lo w e r  t h a n  t h a  s e a  w a ta r  
c o n c e n t r a t i o n s .  I n  t h e  u r i n e ,  p o ta s s iu m ,  so d iu m , an d  
c h l o r i d e  a r e  rem oved  p a s s i v e l y  fro m  t h e  body  f l u i d s  w h i le  
c a lc iu m  an d  m agnesium  a r e  rem oved  a c t i v e l y .
When t h e  a n im a ls  a re  s u b j e c t e d  t o  87% s e a  w a te r  
(T a b le  I*.) a l l  t h e  i o n s  acorn t o  e n t e r  p a s s i v e l y  and  a c t i v e  
e x c r e t i o n  o f  e v e ry  io n  by  th e  a n te rm a ry  g la n d s  i s  n o t e d .
The u r i n e  v a lu e s  a re  a l l  h i g h e r  th a n  th e  b lo o d  c o n c e n t r a t i o n s .
A n a ly s e s  o f  a n im a ls  i n  75% s e a  w a ta r  (T a b le  5) i n d i c a t e  
t h a t  p o ta s s iu m  a g a in  i s  th a  o n ly  i o n  t o  b e  a c t i v e l y  a b s o r b e d .  
C a lc iu m , c h l o r i d e ,  so d iu m , and m agnesium  e n t e r  t h e  b lo o d  
p a s s i v e l y .  C h lo r id e  a n d  m agnesium  a r e  e x c r e t e d  a c t i v e l y ,  
w h e re a s  p o ta s s iu m  and c a lc iu m  d i f f u s e  o u t  p a s s i v e l y .  S od ium ,
P ig .  8 . C urve show ing  th s  f r e e z i n g  p o i n t  
d e p r e s s io n  o f  t h e  b lo o d  o f  C an ce r b o r e a l i s  p l o t t e d  
a s  a f u n c t i o n  o f  th e  f r e e z i n g  p o i n t  d e p r e s s io n  o f  
th e  e x t e r n a l  e n v iro n m e n t.  Num bers a lo n g  o r d i n a t e  and 
a b s c i s s a  a r e  e x p r e s s e d  a s  N orm al N a C l . ^ i  i n d i c a t e s  
i n t e r n e d  body  f l u i d s  w h i le  ^ e  r e p r e s e n t s  e x t e r n a l  
m edium .
.5 7  * 100% s e a  w a te r
.4 9  *  87% " "
.4 3  * 75% " "
.2 8  *  50% " "


















0.1  0.2  0 .3  0 .4  0.5
External Environment
0 .6  0 .7
36
h o w e v e r, ehowe an I n d i c a t i o n  o f  b e in g  c o n se rv e d *  I t s  v a lu e  
i n  t h e  u r i n e  i s  lo w e r  th e n  t h e  b lo o d  e o n o e n t r s t lo n .
A nim als s u b je c t e d  t o  50% s e a  w a te r  (T a b le  6) show 
a g a in  an a c t i v e  a b s o r p t io n  o f  p o ta s s iu m  and  o f  s o d iu n  a s  
w e ll*  C a lc iu m , c h l o r i d e ,  and  m agnesium  a l l  e n t e r  t h e  body 
f l u i d s  by  p a s s iv e  f o r c e s *  P o ta s s iu m  and  sodium  seem t o  be 
lo w e r i n  th e  u r i n e ,  i n d i c a t i n g  s e l e c t i v e  r e t e n t i o n  o f  th e s e  
io n s  by th e  a n te n n a ry  g la n d s*  C a lc iu m , c h l o r i d e ,  and  mag­
n e s iu m  a re  rem oved p a s s i v e l y .
C an cer b o r e a l i s  when p la c e d  i n  14.0% s e a  w a te r  (T a b le  7) 
s t i l l  m a in ta in s  a  p o ta s s iu m  c o n c e n t r a t io n  o f  th e  body f l u i d s  
above t h a t  o f  t h e  e x t e r n a l  m edium . L ik e w is e , c a lc iu m  and 
sodium  seem  to  be a c t i v e l y  c o n c e n t r a te d  by th e  a n im a ls  i n  
t h i s  s a l i n i t y *  The am ounts o f  t h e s e  i o n s  c o n c e n t r a te d  by  
th e  c r a b s  a r e  a p p a r e n t ly  n o t  s u f f i c i e n t l y  h ig h  t o  m a in ta in  
c o n d i t i o n s  c o m p a tib le  w i th  l i f e  s in c e  s u r v iv a l  i s  p o o r  i n  
t h i s  medium. A ll  o th e r  io n s  seem to  e n t e r  th e  body f l u i d s  
p a s s i v e l y .  The u r i n e  c o n c e n t r a t i o n  o f  p o ta s s iu m  i s  lo w e r  
th a n  th e  b lo o d  v a lu e ,  i n d i c a t i n g  a s e l e c t i v e  r e t e n t i o n  o f  
t h i s  io n *  A ll  o th e r  io n s  a r e  a c t i v e l y  f o r c e d  o u t  o f  th e  
body f l u i d s  by th e  a n te n n a ry  g lan d *
When one lo o k s  a t  t h e  r e s u l t s  o f  th e  c h em ic a l a n a l y s i s  
a s  a  w hole (P ig *  9 ,  1 0 , 1 1 , 1 2 , and  1 3 ) s e v e r a l  a s p e o ts  s ta n d  
o u t .  The f i r s t  t h in g  t h a t  l a  n o t i c e a b l e  i s  t h a t  i n  e v e ry  
d i l u t i o n  (P ig*  9) th e  p o ta s s iu m  c o n c e n t r a t i o n  o f  th e  b lo o d  
i s  m a in ta in e d  above t h a t  o f  th e  e x t e r n a l  medium i n  w hich th e  
c r a b s  a r e  p la c e d  e x o e p t i n  87% s e a  w a te r  w here i t  i s  i s o to n ic *
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T a b le  3 . T o ta l  P o ta s s iu m , C a lc iu m , C h lo r id e ,  Sod ium , and  
M agnesium  C o n c e n t r a t io n s  o f  100% S ea  W ater a s  
C om pared t o  t h e  B lood  and  U r in e  o f  C a n ce r  b o r e a l i s
Io n
A v erag e  V alu e  O b ta in e d  m Eq/100 ml*
S ea  W ater B lood U rin e
K l«7lj. 2 .0 0 1 .9 6
Ca 1 .9 0 1 .5 2 2 .1 6
Ha 52.1*4 5 4 .6 2 5 3 .0 5
Mg 4 .7 2 .5 3 .2
C l 7 0 .0 6 7 .0 6 3 .0
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T a b le  4* T o ta l  P o ta s s iu m , C a lc iu m , C hi o r  I d a ,  S od ium , and
M agnaslum  C o n o a n tr a t lo n a  o f  87% S ea  W atar aa  Com­
p a r e d  t o  th a  B lo o d  and  U r in e  o f  C a n c e r  b o r e a l l a
Io n
A verage  V a lu e  O b ta in e d  m Bq/100 m l.
S e a  W ater B lo o d U rin e
K 1 .6 1 1.61 1.74
Ca 1.71 1.54 1 .8 0
Ha 4 6 .7 9 41.74 51.75
Mg 4 . 0 2 .0 3 .2
C l 61.6 48.0 57.0
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T a b le  5 .  T o ta l  P o ta s s iu m , C a lc iu m , C h l o r id e ,  S od ium , and
M agnesium  C o n c e n t r a t io n s  o f  75% S ea  W ater a s  Com­
p a r e d  to  th e  B lood  and  U r in e  o f  C a n c e r  b o r e a l i s
Io n
A v erag e  V a lu e  O b ta in e d  mEo/lOO m l*
S ea  W ater B lo o d U r in e
K 1 .1*8 1.57 1 .5 6
Ca 1 .5 2 1.55 1.51*
Ha 1*1.57 Ul.71* 1*0.86
Mg 3.5 2 .1 3.3
Cl 1*6.0 35.6 m*.o
M>
T a b le  6 .  T o ta l  P o ta s s iu m , C a lc iu m , C h lo r id e ,  Sodium , and
M agnesium  C o n c e n t r a t io n s  o f  50% S ea  W ater a s  Com­
p a re d  t o  t h e  B lo o d  and  U rin e  o f  C a n c e r b o r e a l i s
A verage  V alu e  O b ta in e d  mBq/100 m l.
Io n S ea  W ater B lo o d TJrlne
K 1*03 1 .3 6 1 .1 5
Ca .9 8 .9 9 .9 6
Na 2 7 .0 0 3 1 .3 1 2 9 .2 2
Mg 2 .3 1 .5 l . f c
C l 3U .0 3 3 .0 3 7 .0
i a
T a b le  7* T o ta l  P o ta s s iu m , C a lc iu m , C h lo r id e ,  Sodium  and
M agnesium  C o n c e n t r a t io n s  o f  lj.0% S ea  W ater a s  Com* 
p a r e d  t o  th e  B lo o d  and  U r in e  o f  C a n c e r  b o r e a l i s
_______ A v erag e  V a lu e  O b ta in e d  m Eq/100 m l .
Io n ______________ S e a  W ate r  B lo o d  U r in e
K .7 7  1 .0 6  .9 9
Ca .7 6  .8 8  .9 5
l a  2 2 .0 5  2 2 .9 6  29.M-0
Mg 2 .0  1 .0  1 .6
C l 2 7 .0  2 3 .0  3 1 .5
k 2
S i m i l a r l y ,  i t  w i l l  b a  n o te d  t h a t  t h a  p o ta s s iu m  c o n c e n t r a t i o n s  
o f  t h a  u r i n e  a r e  i n  g e n e r a l  h y p o to n ie  t o  t h e  b lo o d  a n d  
h y p a r t o n i e  t o  t h e  a e a  w a te r*  S e c o n d ly ,  t h e  e h l o r i d e  e o n -  
o e n t r a t i o n a  (P ig *  1 0 ) ,  a l th o u g h  d e v i a t i n g  a l i g h t l y  f ro m  t h e  
a e a  w a te r ,  a r e  m a in t a in e d  b e lo w  t h e  e x t e r n a l  m edium  i n  e v e r y  
d i l u t i o n .  The u r i n e  c o n c e n t r a t i o n s  o f  t h i s  io n  a r e ,  i n  
g e n e r a l ,  h y p o to n ic  t o  t h e  e x t e r n a l  m edium  w ith  t h e  e x c e p t io n  
c f  t h e  c o n c e n t r a t i o n  I n  50% an d  lj.0% s e a  w a t e r ,  I n  w h ic h  t h e  
u r i n e  l e v e l  i s  h y p e r t o n i c  t o  t h e  s e a  w a te r*  T h i r d l y  (P ig *  1 1 ) ,  
t h e  m agnesium  c o n te n t  o f  t h e  b lo o d  l a  a lw a y s  lo w e r  i n  e v e r y  
d i l u t i o n *  S i m i l a r l y ,  t h e  u r i n e  c o n c e n t r a t i o n  o f  m agnesium  i s  
i n  a l l  d i l u t i o n s ,  e x c e p t  50% a e a  w a t e r ,  h y p e r to n lo  t o  t h e  
b lo o d  an d  i n  a l l  s e a  w a te r  d i l u t i o n s  i t  i s  h y p o to n ie  t o  t h e  
e x t e r n a l  medium* F o u r t h l y  (P ig *  1 2 ) ,  a  r e m a r k a b le  f e a t u r e  
o b s e r v e d  i s  t h a t  t h e  c a lc iu m  c o n c e n t r a t i o n  i n  t h e  b lo o d  
r e m a in s  r e l a t i v e l y  e o n s t a n t ,  i n  100% , 87%, an d  75% 
w a t e r ,  and  d o e s  n o t  d e v i a t e  m ore  t h a n  0*03  m Eq/100 ml* i n  
e a c h  c o n c e n t r a t i o n .  H ow ever, a  d e c r e a s e  i n  th e  b lo o d  
c a lo lu m  c o n c e n t r a t i o n  o c c u r s  when t h e  a n im a ls  a r e  p l a c e d  
i n  50% a n d  lj.0% s e a  w a te r*  The u r i n e  c o n c e n t r a t i o n s  o f  c a l ­
c ium  i n  t h e  h i g h e r  s a l i n i t i e s  (100% a n d  87%) a r e  h y p e r t o n i c  
t o  t h e  b lo o d  m id s e a  w a te r  an d  i n  75%# 50% an d  if.0% d i l u t i o n s  
t h e  u r i n e  c o n c e n t r a t i o n s  a r e  i s o t o n i c  t o  t h e  b lo o d  a n d  s e a  
w a te r .  T he f i f t h  f a c t o r  W hich one  n o t i c e s  i s  t h a t  t h e  so d iu m  
c o n c e n t r a t i o n s  ( P i g .  13 ) o f  t h e  b lo o d  a r e  p r a c t i c a l l y  i s o t o n i c  
t o  100%, 75%, an d  1^ 0% s e a  w a te r  when t h e  c r a b s  a r e  p l a o e d  i n  
t h e s e  d i l u t i o n s .  On t h e  o t h e r  h a n d , i n  87% s e a  w a te r  t h e
F ig *  9* P o ta s s iu m  C o n c e n t r a t i o n s  o f  B lo o d , U r in e  
a n d  S e a  W ater*  A b s c ie s a :  c o n c e n t r a t i o n  o f  m edium  e x p r e s s e d  
a s  p e r c e n t  s e a  w a te r*  O r d in a t e :  c o n c e n t r a t i o n  o f  p o ta s s iu m  
e x p r e s s e d  a s  mEq/L* R e s u l t s  r e p r e s e n t  d u p l i c a t e  a n a l y s e s  
f ro m  p o o le d  s a m p le s  o f  f o u r  a n im a ls*
  Sea Water
q-—o  Blood 





4 0  5 0  GO 7 0  8 0  9 0
Percent Concentration o f Sea Water
P i g .  1 0 .  C h lo r id e  C o n c e n t r a t i o n s  o f  B lo o d , U r in e  
and  S ea  W a te r . A b s c i s s a :  c o n c e n t r a t i o n  o f  medium e x p r e s s e d  
a s  p e r c e n t  s e a  w a t e r .  O r d in a t e :  c o n c e n t r a t i o n  o f  c h l e r l d e  
e x p r e s s e d  a s  n B q /L . R e s u l t s  r e p r e s e n t  d u p l i c a t e  a n a ly s e s  
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P ig .  1 1 . M agnesium  C o n c e n t r a t io n s  o f  B lo o d , U rin e  
and  S e a  W a te r , A b s c i s s a :  c o n c e n t r a t i o n  o f  m edium e x p re s s e d  
a s  p e r o e n t  s e a  w a te r .  O r d in a t e :  c o n c e n t r a t i o n  o f  m agnesium  
e x p r e s s e d  a s  mBq/L, R e s u l t s  r e p r e s e n t  d u p l i c a t e  a n a ly s e s  
fro m  p o o le d  sa m p le s  o f  f o u r  a n im a ls .
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Percent Concentration of Sea Water
P i g .  1 2 . C a lc iu m  C o n c e n t r a t io n s  o f  Bl*>od, U r in e  
and  S ea  W a te r . A b a o ls s a :  c o n c e n t r a t i o n  o f  medium 
e x p re s s e d  a s  p e r c e n t  s e a  w a te r .  O r d in a te :  c o n c e n t r a t i o n  
o f  c a lc iu m  e x p re s s e d  a s  m Eq/L. R e s u l t s  r e p r e s e n t  
d u p l i c a t e  a n a ly s e s  fro m  p o o le d  sa m p le s  o f  f o u r  a n im a ls*
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P i g .  1 3 .  Sodipm C o n c e n t r a t i o n s  o f  t h a  B lo o d ,  U r i n e ,  
and  S ea  W a te r .  A b s c i s s a :  c o n c e n t r a t i o n  o f  medium e x p r e s s e d  
a s  p e r o e n t  s e a  w a t e r .  O r d i n a t e :  c o n c e n t r a t i o n  o f  sod ium  
e x p r e s s e d  a s  mEq/L. R e s u l t s  r e p r e s e n t  d u p l i c a t e  a n a l y s e s  
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b lo o d  v a l u e  i s  h y p o t o n i c  t o  t h o  e x t e r n  c l  medium and i n  50$  
s e a  w a t e r  a  a l i g h t  h y p e r t o n i c i t y  l a  e v id e n t*  I n  100$  e n d  
75$ § e a  w a t e r  t h e  u r i n e  v a l u e s  f o r  sod ium  a r e  I s o t o n i c  t o  
t h e  e x t e r n a l  m edium , w h e re a s  i n  50$  s e a  w a t e r  t h e  c o n c e n ­
t r a t i o n  l a  h y p o t o n i c  t o  t h e  b lo o d  a n d  h y p e r t o n i c  t o  t h e  
e x t e r n a l  m edium . I n  ij.0% s e a  w a t e r  t h e  u r i n e  c o n c e n t r a t i o n  
f o r  sod ium  I s  h y p e r t o n i c  t o  b o th  b lo o d  and  s e a  w a t e r .  The 
s i x t h  f a c t o r  w h ic h  i s  e v i d e n t  f ro m  t h e s e  r e s u l t s ,  i s  t h e  
h ig h  c o n c e n t r a t i o n s  o f  i o n s  i n  t h e  u r i n e  o f  C a n c e r  when t h e  
a n im a ls  a r e  p l a c e d  i n  h0% a e a  w a t e r .  T h i s  I s  e s p e c i a l l y  
e v i d e n t  f o r  p o t a s s i u m ,  c h l o r i d e ,  m agnes ium , and  so d iu m .
The r e s u l t s  o f  t h e  i o n i c  d e t e r m i n a t i o n s  I n d i c a t e  t h a t  
c o n s i d e r a b l e  p o w e rs  o f  I o n i c  r e g u l a t i o n  e x i s t  I n  C a n c e r  
b o r e a l i s  i n  1 0 0 $ ,  8 7 $ ,  75$* a n d  50 $  w a t e r .  A l th o u g h  
r e g u l a t i o n  o f  c e r t a i n  i o n s  I s  o b s e r v e d  I n  h 0$  w a t e r ,  
t h e  c e l l u l a r  m ech an ism s  r e s p o n s i b l e  f o r  t h i s  r e g u l a t o r y  
a b i l i t y  a r e  o s t e n s i b l y  I n a d e q u a t e  f o r  c o n t i n u e d  s u r v i v a l  o f  
t h e s e  c r a b s  i n  t h i s  medium.
DI3CUSSI0*
On* o f  t h e  m o s t  s a l i e n t  f e a t u r e s  o f  p h y s i o l o g i c a l  
e v o l u t i o n  i n  aniauLLs h a s  boon  t h a  d e v e lo p m e n t  o f  a  s p e c i a l  
l n t a r n a l  b o d y  f l u i d ,  Which i a  r e l a t i v e l y  w e l l  c o n t r o l l e d .
T h i s  f e a t u r e  h a s  e n a b l e d  many o r g a n ! a n a  t o  become q u i t e  
I n d e p e n d e n t  o f  t h e i r  s u r r o u n d i n g s .  A b r i e f  r e v i e w ,  t h e r e ­
f o r e ,  o f  t h e  m ech an ism s  w h ich  a r e  i n v o l v e d  i n  t h e  m a in te n a n c e  
o f  a o o n s t a n t  i n t e r n a l  e n v iro n m e n t  i s  n e c e s s a r y  t o  t h e  d i s ­
c u s s i o n  o f  t h e  p r o b le m s  i n v e s t i g a t e d  i n  t h i s  t h e s i s .
The m a in t e n a n c e  o f  t h e  c o n s t a n c y  o f  b o d y  f l u i d s  i s  
a  p r o b le m  w h ich  i s  d i r e c t l y  r e l a t e d  t o  t h e  r e m a r k a b le  
p r o p e r t i e s  o f  m em branes b e c a u s e  t h e  s e l e c t i v e  p e r m e a b i l i t y  
o f  t h e s e  m em branes h a s  b e e n  on e  o f  t h e  m ost i m p o r t a n t  
f a c t o r s  c o n t r i b u t i n g  t o  t h e  m a in te n a n c e  o f  l i f e  ( P a n t i n ,
1 9 3 1 ) ,  As r e p r e s e n t a t i v e  a n im a l s  i n  q u e s t i o n ,  t h e  d e c a p o d  
c r u s t a c e a n s ,  w i t h  t h e i r  to u g h  e x o s k e l e t o n s ,  a r e  s t r u c t u r a l l y  
a d a p t e d  t o  p e n e t r a t e  d i l u t e d  w a t e r s .  The r e l a t i v e  im p e r ­
m e a b i l i t y  o f  t h e i r  e x o s k e l e t o n  l i m i t s  t h e  g r e a t e r  p a r t  o f  s a l t  
and  w a t e r  e x c h a n g e s ,  w h ioh  may go on b e tw e e n  t h e  i n t e r n a l  
and  e x t e r n a l  e n v i r o n m e n t ,  t o  p l a c e s  s u c h  a s  t h e  g i l l s  an d  
o t h e r  s o f t  p a r t s  o f  t h e  b o d y .  T h u s ,  i f  t h e  a n im a l  p e n e t r a t e d  
d i l u t e d  w a t e r s  t h e  r a t e  a t  w h io h  w a t e r  w ould  e n t e r  t h e  body  
f l u i d s  o s s i o t i c a l l y  w ould  be  s lo w  a s  f a r  a s  t h e  e x o s k e l e t o n  
i s  c o n c e r n e d .  H ow ever, t h i s  do es  n o t  mean t h a t  t h e  e x o s k e l e t o n  
i s  c o m p l e t e ly  im p e rm e a b le  t o  s a l t s  o r  w a te r  f o r  N ag e l  (19314.)
S k
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f o u n d  t h a t  t h a  e x o s k e l e t o n  o f  C a r o ln u a  m aenas  was p a rm a a b la  
t o  so d iu m  i o d i d e .  G ro s s  (1957) com pared  t h a  w e ta r  p e r ­
m e a b i l i t y  o f  a x o s k a l a t o n s  o f  C am barua . P a c h v g r a p s u s .
Heml g r a n  s u e  n u d u a ,  H. o r e g o n e n a l s . C a n o a r  g r a c i l i s , C ,
a n t a r m a r u a . and  P u g e t  t l  a . I t  was f o u n d ,  t h e r e f o r e ,  t h a t  
C am barua , P a c h y g r a p s u s , H cm lgrapaua  n u d u a , and o r e g o n e n a l s , 
w hich  a r e  a l l  t r u e  " r e g u l a t o r s , "  — an I n a l s  w h ich  c a n  m a i n t a i n  
a r e l a t i v e l y  c o n s t a n t  I n t e r n a l  e n v iro n m e n t  w i th  v a r y i n g  
s a l i n i t i e s  - -  h a d  l e s s  p e rm e a b le  e x o s k e l e t o n s  t h a n  C a n c e r  
g r a o l l l a . C a n c e r  a n t e n n a r u a  and  P u g e t t l a , t h e  " n o n - r e g u l a t o r s "  
( i . e .  t h o s e  a n im a l s  n o t  a b l e  t o  m a i n t a i n  a  c o n s t a n t  i n t e r n a l  
e n v i ro n m e n t  i n  t h e  v a r y i n g  s a l i n i t i e s ) .  I n  t h i s  e a s e ,  o n e  
s e e s  t h a t  i n  t h e  " r e g u l a t o r s "  t h e  e x o s k e l e t o n  show s a  p a s s i v e  
p e r m e a b i l i t y  t o  w a t e r  much m ore e v i d e n t  t h e n  i n  "non­
r e g u l a t o r s . "  The p r o p e r t y  o f  I n c r e a s e d  I m p e r m e a b i l i t y  o f  
BMmbranes t o  w a t e r  may a i d  an a n im a l  i n  p e n e t r a t i n g  o t h e r  
h a b i t a t s .  M a r g a r l a  ( 1931 ) s u g g e s t s  t h a t  an a c t i v e  m echanism  
m ig h t  be  i n v o l v e d  i n  r e d u c i n g  t h e  p e r m e a b i l i t y  o f  a n im a l s  t o  
w a te r  a s  i t  p e n e t r a t e s  d i l u t e  m e d ia .  He c l a im s  t h a t  t h e  
i m p e r m e a b i l i t y  i n  C a r c l n u s  m aenas  (an d  t o  some d e g r e e  
P o r t u n u s  p u b e r ) i s  n o t  a  p a s s i v e  p r o p e r t y  o f  t h e  m em brane, 
f o r  I n i t i a l l y  t h e s e  a n im a l s  a p p e a r  t o  b e  q u i t e  p e rm e a b le  t o  
w a t e r  a n d  s a l t s  when t h e  e x t e r n a l  medium i s  a l t e r e d .  How­
e v e r ,  i t  i s  n o t  i n c o n c e i v a b l e  t h a t  b o t h  a  p a s s i v e  p r o p e r t y  o f  
I n c r e a s e d  i m p e r m e a b i l i t y  o f  t h e  e x o s k e l e t o n s  o f  some C r u s t a c e a  
t o  w a t e r ,  a lo n g  w i t h  t h e  p r o p e r t y  o f  a c t i v e  i m p e r m e a b i l i t y ,
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p o s s i b l y  b y  t h a  g i l l s ,  h a s  e n a b l e d  t h a a a  a n im a ls  t o  e x p l o r e  
o t h e r  h a b i t a t s *  I t  o o u ld  b e  h y p o t h e s i s e d  t h a t  a n im a l s  w i t h  
l e s s  p e rm e a b le  e x o s k e l e t o n s  w ould  h a v e  a  b e t t e r  c h a n c e  o f  
s u r v i v i n g  i n  d i l u t e  m ed ia  f o r  t h e  a c t i v e  p r o o e s s e s  o f  g i l l  
i m p e r m e a b i l i t y  an d  t h e  a c t i v e  e x c r e t i o n  o f  w a t e r  b y  t h e  
a n t e n n a r y  g l a n d s  and g u t  w ould  be  l e s s e n e d  u n d e r  t h e s e  
c o n d i t i o n s .
As an  a n im a l  p e n e t r a t e s  b r a c k i s h  w a t e r s  from  m ore  
c o n c e n t r a t e d  s e a  w a te r  i t  i s  c o n f r o n t e d  w i th  t h e  p ro b le m  
o f  h a v in g  i t s  I n t e r n a l  body f l u i d s  d i l u t e d  by  t h e  e x t e r n a l  
medium . The m a j o r i t y  o f  m a r in e  o r g a n i s m s ,  on t h e  o t h e r  h a n d ,  
do n o t  a t t e m p t  t h i s  m i g r a t i o n  and  p o s s e s s  m  i n t e r n a l  o s m o t ic  
p r e s s u r e  t h a t  i s  c l o s e  t o  t h e  e x t e r n a l  medium i n  w h ich  t h e y  
l i v e  ( P a n t i n ,  1931)*  H ow ever, some m a r in e  m xlm als  show a  
d i v e r g e n c e  i n  t h e  i o n i c  c o m p o s i t i o n  o f  t h e i r  b l o o d .  One 
s e e s  a  g r e a t e r  i n c r e a s e  o f  p o t a s s i u m  i n  t h e  b ody  f l u i d s  and  
a d e c r e a s e  o f  m agnesium  and s u l f a t e .  C o le  (19 l |0 )  r e p o r t s  
t h a t  th e  l o b s t e r ,  Homarus a m e r l c a n u s , show s a  h i g h e r  c a l c iu m  
c o n t e n t  i n  t h e  se rum  t h a n  i n  t h e  s u r r o u n d i n g s  I n  w h ic h  i t  
l i v e s .  The s p i d e r  c r a b  M ala  a q u in a d o . s i m i l a r l y ,  show s an 
a c c u m u la t io n  o f  p o t a s s i u m ,  c a l c i u m ,  mad c h l o r i d e  a g a i n s t  
c o n c e n t r a t i o n  g r a d i e n t s  ( R o b e r t s o n ,  19 39)*  W iese  a n im a l s  
a l t h o u g h  u n a b le  t o  s u r v i v e  i n  d i l u t e  s e a  w a t e r ,  a p p a r e n t l y  
h a v e  m eohan lsm s t o  a b s o r b  s a l t s  a g a i n s t  c o n c e n t r a t i o n  
g r a d i e n t s .  The work o f  Webb (191+0) on  C a r c ln u a  m a e n a s . a  
t r u e  r e g u l a t o r ,  shows t h a t  i n  n o rm a l  s e a  w a te r  t h e  a&lmal
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c o n c e n t r a t e s  so d iu m , p o t a s s i u m ,  c a l c i u m ,  and  c h l o r i d e .  T h i s  
o r a b  m u s t ,  a a  i t  p a n a t r a t a a  d ilu fca  m e d ia ,  i n t e n s i f y  t h a  
p r o e a a a  o f  a o t l v e l y  t r a n s p o r t i n g  s a l t s  i f  i t  i s  t o  s u r v i v e  
i n  b r a c k i s h  w a ta r  f o r ,  h a r a ,  t h a  s a l t s  a r a  a u e h  l a s s  c o n e e n -  
t r a t a d  t h a n  t h e y  a r a  i n  p u r e  a a a  w a t e r .  Tha phenomenon o f  
a c t i v e  Io n  t r a n s p o r t  g o e s  on i n  b o t h  r e g u l a t o r s  and n o n ­
r e g u l a t o r s .  I n  r e g u l a t o r s  t h e  p r o c e s s  o f  a c t i v e  t r a n s p o r t  
i s  I n t e n s i f i e d  w h e re a s  i n  n o n - r e g u l a t o r s  i t  b r e a k s  down i n  
d i l u t e  m e d ia .  The i n t e n s i f i c a t i o n  o f  th e  p r o c e s s  o f  a c t i v e l y  
t r a n s p o r t i n g  i o n s  a g a i n s t  a o o n o e n t r a t i o n  g r a d i e n t  i s ,  t h e r e ­
f o r e ,  a n o t h e r  m echan ism  by  w h ich  a n im a l s  a r e  a b l e  t o  p e n e ­
t r a t e  o t h e r  e n v i r o n m e n t s .
The g i l l s  h a v e  b e a n  i m p l i c a t e d  a s  t h e  s i t e  o f  t h i s  
a c t i v e  t r a n s p o r t ,  by  e l i m i n a t i n g  o t h e r  s t r u c t u r e s  i n  t h e s e  
a n im a l s  ( M a r g a r i a ,  19 31 ; N a g e l ,  193^4-J K ro g h , 1 9 3 8 ) .  G ro s s
(1957) p r o d u c e d  d i r e c t  e v id e n c e  t h a t  t h e  g i l l s  can  m a i n t a i n  
an o s m o t ic  g r a d i e n t .  T h i s  i n v e s t i g a t o r  fo u n d  t h e  mean 
s a l i n i t y  o f  t h e  g i l l  cham bers  o f  P a c h y g ra p s u s  c r a s s l p l e s , 
w h ich  had  b e e n  im m ersed  i n  t a p  w a t e r ,  t o  be  e q u i v a l e n t  t o  
llj% s e a  w a te r  w h i le  t h e  b lo o d  was e q u l v a l e n t  t o  75% s e a  
w a t e r .  The mean s a l i n i t y  o f  t h e  g i l l  cham bers  o f  a n im a ls  i n  
25% s e a  w a te r  was 6U% s e a  w a t e r  w h i le  t h e  b lo o d  c o n c e n t r a t i o n s  
w ere  e s t i m a t e d  t o  b e  g r e a t e r  t h a n  85% s e a  w a t e r .  B eoause  o f  
t h e  dynam ic  f l u x  o f  s a l t  and  w a te r  e x ch a n g e  i n  t h e  g i l l  
cham ber o f  P a c h y g ra p a u a . t h e r e  i s  f u r t h e r  e v id e n c e  t h a t  t h e  
g i l l s  c o u ld  be  o s m o r e g u la to r y  o rg a n a  c o n c e rn e d  i n  t h e  t r a n s ­
p o r t  o f  b o t h  s a l t s  an d  w a t e r .
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The a n te n n a r y  g l a n d s  o f  t h e  decapod  C r u a ta o e a  h a r e  
b e a n  assum ed t o  h av e  a n  o s m o r e g u la to r y  c a p a c i t y .  By 
e x c r e t i n g  an h y p o to n ie  u r i n e ,  an  a n im a l  c o u ld  m a i n t a i n  a 
b lo o d  e o n e e n t r a t i o n  above t h a t  o f  t h e  e x t e r n a l  medium. T h a t  
t h i a  i a  t h e  e a a e  i n  t h e  o r a y f i a h ,  P o to m o b lu a , was demon­
s t r a t e d  by  P e t e r s  (1935)*  He showed t h a t  i n  th e  lo n g  
n e p h r l d i a l  c a n a l ,  i n t e r p o s e d  b e tw een  t h e  l a b y r i n t h  and  t h e  
b l a d d e r ,  s a l t s  c o u ld  be r e a b s o r b e d  I n t o  th e  b lo o d  s t r e a m .
By e x c r e t i n g  an h y p o to n ic  u r i n e  w i th  r e s p e c t  t o  t h e  b lo o d ,  
t h e  c r a y f i s h  i s  w e l l  a d a p te d  f o r  a  f r e s h  w a te r  e x i s t e n c e .  
U r in e  e x c r e t i o n  i n  C a ro in u s  m a e n a s , a  c r a b  w i th  w e l l  m arked  
o s m o r e g u la to r y  a b i l i t i e s ,  I n c r e a s e s  w i th  a l o w e r in g  o f  t h e  
s a l i n i t y  o f  t h e  e x t e r n a l  medium. By p lu g g in g  t h e  e x c r e t o r y  
p o r e s ,  N a g e l  ( I9 3 ii)  fo u n d  t h a t  t h e s e  a n im a ls ,  when p l a o e d  i n  
d i l u t e  s e a  w a t e r ,  g a in  w e ig h t  r a p i d l y .  T h is  s u g g e s t s  t h a t  
t h e  a n te n n a r y  g l a n d s  a r e  v e ry  i m p o r t a n t  i n  r i d d i n g  th e  a n im a l  
o f  w a te r  i n  d i l u t e  m ed ia .
When the antennary  g lan d s  and the  g u t s  o f  C a rc ln u s  
m aenas were p lu g g e d  i t  was fo u n d  t h a t  t h e  an im al g a in e d  more 
w e ig h t  i n  d i l u t e  s e a  w a te r  th a n  when t h e  e x c r e t o r y  p o r e s  
a lo n e  were p lu g g e d  (N a g e l ,  1931+). T h is  w ould  s u g g e s t  t h a t  
e x c e s s  w a te r  i n  d i l u t e  m ed ia  i s  a l s o  e l i m i n a t e d  by  t h e  g u t .  
T h e r e f o r e ,  t h e  g u t s  o f  C r u s t a c e a ,  by e l i m i n a t i n g  e x c e s s  
w a te r  from  t h e  o rg a n is m  a s  i t  p e n e t r a t e s  d i l u t e  s e a  w a t e r ,  
would a i d  t h e  a n im a l  i n  an  o s m o r e g u la to r y  c a p a c i t y .
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A n o th e r  m eant by  w hioh an  a n im a l  c o u ld  In v a d e  o t h e r  
e n v iro n m e n t  a i a  one  i n  Mhieh no m echanism  e z i a t a  f o r  t h e  
m a in te n a n c e  o f  a  o o n a t a n t  body  f l u i d  c o n c e n t r a t i o n  w i t h i n  
v e ry  n a r r o w  l i m i t  a b u t  one  i n  w hioh a l t e r e d  c o n c e n t r a t i o n  o f  
a a l t e  w i t h i n  t h e  i n t e r n a l  f l u i d a  a p p a r e n t l y  e a u a e a  no harm  
t o  t h e  o r g a n is m .  T h ia  c an  be c a l l e d  a phenomenon o f  t i a a u e  
a d a p t a t i o n .  I n  f a c t .  B e ad le  ( I 9I4.O) c la im s  t h a t  f r e s h  w a te r  
a d a p t a t i o n  o f  m ar in e  a n im a ls  c o u ld  have e v o lv e d  by a  l o w e r in g  
o f  t h e  b lo o d  c o n c e n t r a t i o n  o f  s a l t s  w i th  a  c o n s e q u e n t  l e s s e n ­
in g  o f  t h e  g r a d i e n t  b e tw een  t h e  i n t e r n a l  and e x t e r n a l  e n v i r o n ­
m e n t .  The lo w e r  t o t a l  c o n c e n t r a t i o n  o f  s a l t s  i n  t h e  body  
f l u i d s  o f  f r e s h  w a te r  a n im a l s  when com pared  t o  s a l t  w a te r  
fo r m s ,  seem s t o  s u p p o r t  t h i s  v ie w .
Shaw ( 1 9 5 5 )$ w o rk in g  w i t h  t h e  e l e c t r o l y t e  c o m p o s i t io n  
o f  t h e  o a r p o p o d l t e  an d  f l e x o r  m u s c le s  o f  C a r o ln u s  m aen as  
when t h e  a n im a ls  were p l a c e d  i n  d i l u t i o n s  o f  s e a  w a t e r ,  
s t a t e s  t h a t  t h e  e x t e n t  t o  w h ich  t h e  m u sc le  c e l l s  c an  w i t h ­
s t a n d  b lo o d  d i l u t i o n  d e p e n d s  on th e  d e g r e e  t o  w h ich  t h e y  can  
r e s i s t  s w e l l i n g .  By r e s i s t i n g  s w e l l i n g ,  t h e  m u sc le  i s  a c t u a l l y  
r e s i s t i n g  an  In f lo w  o f  w a t e r .  I n  so  d o in g ,  t h e  m u s c le  t i s s u e  
can become s lo w ly  a c c l i m a t e d  t o  d i l u t e  s o l u t i o n s  an d  s u r v i v e .  
One more exam ple  o f  t h i s  phenom enon i s  w o r th y  o f  m e n t io n .
W e lls  and  Ledlngham  (19 ^0 )  h a v e  shown w i th  I s o l a t e d  m u so le  
p r e p a r a t i o n s  o f  t h e  p o l y o h a e t e  worms P e r i n e r e l s  c u l t i f e r a  and  
A r e n lc o l a  m a r i n a ,  t h a t  i f  t h e s e  a n im a ls  a r e  e x p o se d  t o  
d i l u t i o n s  o f  t h e  e x t e r n a l  medium s l o w l y ,  t h e i r  m u s c le  t i s s u e
a p p a r e n t l y  f u n c t i o n s  n o rm a l ly *  On t h e  o t h e r  h a n d ,  I f  t h e  
r a t e  o f  t h e  d i l u t i o n  o f  t h e  e x t e r n a l  medium i s  r a p i d ,  th e  
m u sc le  p r e p a r a t i o n s  l o s e  t h e  a b i l i t y  t o  c o n t r a c t .  T hus, 
w i th  a  g r a d u a l  d i l u t i o n  o f  t h e  e x t e r n a l  medium, t h e  t i s s u e s  
o f  t h e s e  worms oan  b e  a c c l i m a t e d  s lo w ly  t o  d i l u t e  s e a  w a t e r .  
B oth  t h e s e  a n im a ls  a r e  n o r m a l ly  s t r i c t l y  m ar in e  w i t h o u t  any 
known o s m o re g u la to ry  m echanism s b u t  oan w i t h s t a n d  c o n s i d e r a b l e  
d i l u t i o n s  o f  t h e  e x t e r n a l  medium.
H ere  one s e e s  a n o th e r  means by which a n im a ls  can  
c o n t i n u e  t o  in v a d e  o t h e r  e n v i r o n m e n ts ,  n a m e ly ,  b y  t h e  
t i s s u e  t o l e r a t i o n  t o  v a r i o u s  s a l i n i t i e s  o f  s e a  w a te r  and 
t i s s u e  a d a p t a t i o n  t o  su ch  c h a n g e s .
A t t e n t i o n  w i l l  now be f o c u s e d  on t h e  o sm o t ic  and 
i o n i c  r e g u l a t o r y  m eohanlsm s w hioh m ig h t  e n a b le  C a n ce r  
b o r e a l i s , t h e  c r a b  u s e d  i n  t h i s  i n v e s t i g a t i o n ,  t o  e x p lo r e  
o t h e r  h a b i t a t s ,  o t h e r  t h a n  open  s e a  w a t e r .
I t  was s u g g e s te d  p r e v i o u s l y  t h a t  C an ce r  b o r e a l i s  was 
r e l a t i v e l y  im perm eab le  to  w a te r  ( T r e v i s a n i ,  1 9 5 b ) .  The 
r e s u l t s  o f  th e  w e ig h t  c h a n g e s  o f  n o rm al a n im a ls  p l a c e d  in  
100%, 87%, 75%» 50%, and  1^ 0% s e a  w a te r  I n d i c a t e  t h a t  t h e  
c r a b s  a r e  p e rm e a b le  t o  w a te r  and  p o s s i b l y  s a l t s ,  f o r  a  t r e n d  
e x i s t s  i n  w hich  one s e e s  an I n c r e a s e  i n  w e ig h t  a s  t h e  
s a l i n i t y  o f  t h e  e x t e r n a l  medium i s  lo w e re d  ( P i g .  2 ) .  How­
e v e r ,  i f  t h e  a n im a l  were o n ly  p e rm e a b le  t o  w a te r  one  w ould 
e x p e o t  much g r e a t e r  i n c r e a s e s  i n  w e ig h t  a s  t h e  s a l i n i t y  i s  
lo w e r e d .  A l th o u g h  C a n ce r  b o r e a l i s  i s  p e rm e ab le  t o  w a te r  t o
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a  o e r t a i n  d e g r e e ,  r e l a t i v e l y  s m a l l  o h a n g a s  I n  w e ig h t  o f  n o r m a l  
a n i m a l s  a r s  r e v e a l e d  I n  t h a  v a r i o u s  d i l u t i o n s  o f  s a a  w a t e r .  
T h a s a  o h a n g a s  i n  w e ig h t  I n d i o a t a  t h a t  C a n o a r  i s  n o t  f r e e l y  
p e r m e a b le  t o  w a t a r  a n d  t h i s  r a s t r i a t a d  p a m a a b i l i t y  t o  w a t a r  
w o u ld  a s s i s t  t h a  a n i m a l ,  i n  an o s m o r e g u l a t o r y  m a n n e r ,  t o  
p a n a t r a t a  o t h e r  h a b i t a t s .
Whan t h a  w e ig h t s  o f  t h e  a n t e n n a r y  g l a n d - p l u g g e d  a n i ­
m a ls  a n d  n o rm a l  a n im a l s  a r e  c o m p a re d ,  i t  i s  s e e n ,  a s  was 
m e n t io n e d  p r e v i o u s l y ,  t h a t  a n t e n n a r y  g l a n d - p l u g g e d  a n im a l s  
g a i n  m ore  w e ig h t  t h a n  n o rm a l  a n im a l s  i n  t h e  same c o n c e n t r a ­
t i o n  o f  s e a  w a t e r .  I n  f a c t ,  i t  i s  shown ( F i g s .  3# 4* 5# 6 ,  
a n d  7 ) t h a t  a s  t h e  s a l i n i t y  i s  l o w e r e d  t o  50% s a a  w a t a r  t h a  
d i f f e r e n c e  i n  w a ig h t  b e tw e e n  a n t e n n a r y  g l a n d - p l u g g e d  a n im a l s  
a n d  n o rm a l  m i im a ls  i n c r e a s e s .  T h i s  s u g g e s t s  t h a t  u r i n e  
p r o d u c t i o n  i n  C a n o a r  b o r e a l i s  i s  i n o r e a s e d  a s  t h a  e x t e r n a l  
medium i s  l o w e r e d .  T h u s ,  t h a  a n t e n n a r y  g l a n d  p l a y s  an  im­
p o r t a n t  r o l e  i n  r i d d i n g  t h e  a n im a l  o f  e x c e s s  w a t e r  w h io h  may 
e n t e r  t h e  body  f l u i d s  a s  t h e  e x t e r n a l  e n v i r o n m e n t  becom es 
m ore  d i l u t e .  T h i s  i s  a l s o  an e x p l a n a t i o n  o f  t h e  p r o b le m  
t h a t  a r o s e  i n  p r e v i o u s  w ork  when u r i n e  was b e i n g  c o l l e c t e d  
f ro m  t h e  c r a b s  t h a t  w ere  p l a c e d  i n  lo w  d i l u t i o n s  o f  s e a  w a t e r .  
The d i f f i c u l t y  o f  o o l l e o t i n g  u r i n e  i n  lo w  s a l i n i t i e s  was 
p r o b a b l y  due  t o  t h e  f a o t  t h a t  t h e s e  o r a b s  w are  e x c r e t i n g  
i t  a t  s u c h  a  r a p i d  r a t a  i n  lo w  s a l i n i t i e s  t h a t  t h a  b l a d d e r  
n e v e r  becam e c o m p l e t e l y  f i l l e d .  C y t o l o g i c a l  e v i d e n c e  t h a t
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t h e  a n t e n n a r y  g l a n d  o f  C an o er  b o r e a l l a  f u n c t i o n s  t o  r i d  t h e
o f  e x o e a a  w a t e r  i n  d i l u t e  s e a  w a te r  h a s  b e e n  r e p o r t e d  
b y  B e e r s  (1 9 5 8 )*  Hi® s t u d i e s  r e v e a l  t h a t  a p i o a l  v a o u o le s  
i n  t h e  l a b y r i n t h  c e l l s  o f  t h e  a n t e n n a r y  g l a n d s  o f  t h e  a n im a l  
i n c r e a s e  i n  s i s e  a n d  num ber a s  t h e  s a l i n i t y  o f  t h e  e x t e r n a l  
medium i s  l o w e r e d .  F u r t h e r m o r e ,  t h e s e  a p i c a l  v a c u o l e s  a r e  
e x t r u d e d  i n  a m e r o c r in e  f a s h i o n .  W eight d e t e r m i n a t i o n s  o f  
t h e  a n t e n n a r y  g l a n d - p l u g g e d  a n im a l s  i n  t h i s  i n v e s t i g a t i o n  
( F i g s .  3» *!-» 5» 6 , and  7) c o u p le d  w i t h  B e e r s '  (1958) f i n d i n g s  
g i v e  s u b s t a n t i a l  e v id e n c e  t h a t  t h e  a n t e n n a r y  g l a n d s  o f  C a n ce r  
b o r e a l i s  d e f i n i t e l y  a i d  I n  r i d d i n g  t h e  a n im a l  o f  e x c e s s  w a t e r  
and  t h u s  p l a y  an  I m p o r t a n t  o s m o r e g u la to r y  r o l e  i n  t h e  
a n im a l  •
R e s u l t s  o f  t h i s  i n v e s t i g a t i o n  r e v e a l e d  t h a t  C a n c e r  
w i t h  i t s  g l a n d s  p lu g g e d  g a in e d  more w e ig h t  i n  50% s e a  w a t e r  
t h a n  i n  lj.0% s e a  w a t e r .  I t  was s u g g e s t e d  t h a t  n o rm a l  u r i n e  
p r o d u c t i o n  was h i n d e r e d  i n  t h e  lj.0% d i l u t i o n  b e c a u s e  c e l l u l a r  
m ech an ism s  r e s p o n s i b l e  f o r  w a te r  e l i m i n a t i o n  a r e  d r a s t i c a l l y  
i m p a i r e d .  T hat  t h i s  a c t u a l l y  h a p p e n s  was shown by  B e e rs
( 1 9 5 8 ) .  When h e  s u b j e c t e d  t h e  same a n im a l  t o  1^ 0% s e a  w a t e r  
I t  was o b s e r v e d  t h a t  t h e  p o re  b o r d e r  o f  t h e  l a b y r i n t h  e p i t h e l i a l  
c e l l s  r e m a in e d  p a r t i a l l y  b ro k e n  down i n  t h i s  d i l u t i o n ,  w h e re a s  
t h e  p o r e  b o r d e r  i s  n o r m a l ly  r e c o n s t i t u t e d  I n  o t h e r  s a l i n i t i e s .
He s u g g e s t s  t h a t  t h e r e  i s  so  much e x c e s s  w a te r  t o  b e  e l i m i n ­
a t e d  i n  t h i s  d i l u t i o n  t h a t  t h e r e  i s  no c h a n c e  f o r  t h e  l a b y ­
r i n t h  b o r d e r  t o  be r e c o n s t i t u t e d .  B ecause  o f  t h i s ,  t h e r e
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i s  s  h i g h  m o r t a l i t y  r a t s  among a n im a l s  s u b j e c t e d  t o  l*.0% 
s e a  w a t e r .
The g u t  i s  a l s o  i m p o r t a n t  i n  r i d d i n g  C an oo r  b o r e a l i s  
o f  e x c e s s  w a te r  ( P i g s .  3 ,  ij., 5> 6 ,  and  6 ) .  An i n c r e a s e d  
te n d e n c y  o f  w a te r  t o  b e  e l i m i n a t e d  by  t h e  g u t  e x i s t s  i n  t h e  
an im a l  a s  t h e  s e a  w a te r  l a  d i l u t e d  t o  50%. T h i s  s u g g e s t s  
t h a t  c e l l u l a r  m echan ism s I n  th e  g u t  o f  t h e s e  c r a b s  a r e  a l s o  
i n v o lv e d  In  r i d d i n g  t h e  l a t t e r  o f  e x c e s s  w a t e r ,  t h u s  d e n o t i n g  
a n o th e r  m ain  r o u t e  t h r o u g h  w h ich  an o s m o r e g u la to r y  f u n c t i o n  
i s  p e r f o rm e d .  A gain  i n  i|.0% s e a  w a t e r  one o b s e r v e s  t h a t  t h e  
w e ig h ts  o f  n o rm a l a n im a l s  an d  g u t - p l u g g e d  a n im a l s  o v e r l a p .
T h is  s u g g e s t s  t h a t  c e l l u l a r  m echan ism s t h a t  a r e  n o r m a l ly  
i n v o lv e d  i n  w a te r  s e c r e t i o n  a r e  im p a i r e d  i n  t h i s  d i l u t i o n ,  
a s  h a s  been  shown t o  b e  t h e  c a s e  i n  t h e  p o r e  b o r d e r  o f  t h e  
l a b y r i n t h  c e l l s  o f  t h e  a n t e n n a r y  g l a n d  ( B e e r s ,  1958)*
O sm otic  d e t e r m i n a t i o n s  on th e  body  f l u i d s  o f  C a n c e r  
b o r e a l i s  show t h a t  i n  p r a c t i c a l l y  e v e r y  d i l u t i o n  o f  s e a  
w a te r  some o s m o - r e g u l a to r y  p ow ers  e x i s t  f o r  a t  l e a s t  t w e n ty -  
f o u r  h o u r s .  I t  i s  e v i d e n t  t h a t  t h i s  a n im a l  m a i n t a i n s  an 
h y p o t o n ic  i n t e r n a l  e n v iro n m e n t  i n  100% and 87% s e a  w a te r  and  
an h y p o to n ic  o r  i s o t o n i c  i n t e r n a l  e n v iro n m e n t  i n  75% s e a  w a t e r .  
H ow ever, i n  50% and  i|.0% s e a  w a t e r  one o b s e r v e s  t h a t  t h e  bo dy  
f l u i d s  a r e  h y p e r t o n i c  t o  t h e  e x t e r n a l  m edium . The d e g r e e  o f  
h y p e ro s m o t ic  r e g u l a t i o n  o f  t h e  i n t e r n a l  e n v i r o n m e n t  o f  C a n c e r  
i n  50% and  ij.0% s e a  w a te r  i s  n o t  a s  h i g h  a s  t h a t  o f  good 
r e g u l a t o r s  su c h  a s  C a ro in u a  m a e n a s . H ow ever, a  low  d e g r e e  o f
h y p e ro M io t i c  r e g u l a t i o n  l a  n o t  unknown f o r  o t h e r  C r u a t a e e a  
f o r  J o n e s  (191*1) show ed t h a t  R l th r o p a n o h l u s  h a r r s l l .  a n o t h e r  
c r a b ,  h a d  a  low  d e g re e  o f  h y p e r o s n o t l o  r e g u l a t i o n .  R l t h -  
r o p a n o b lu s  d i f f e r s  f ro m  C a n c e r  I n  t h a t  I t  s u r v i v e s  I n  v e r y  
d i l u t e  m ed ia  w i th  a l i g h t  o s m o r e g u la t i o n .  C a n c e r ,  on  t h e  
o t h e r  h a n d ,  c a n n o t  t o l e r a t e  much more th a n  a lj.0% d i l u t i o n  
o f  th e  e x t e r n a l  medium. A p p a r e n t ly  I t s  l i m i t e d  pow ers  o f  
o s m o r e g u la t io n  i n  t h i s  d i l u t i o n  o f  s e a  w a te r  a r e  i n s u f ­
f i c i e n t  f o r  s u r v i v a l  o f  t h e  a n im a l .  The t i s s u e s ,  as  h a s  
b e e n  p o i n t e d  o u t  p r e v i o u s l y ,  c a n n o t  t o l e r a t e  t h i s  d i l u t i o n .
O sm otic  d e t e r m i n a t i o n s  on t h e  u r i n e  o f  C a n c e r  
b o r e a l i s  (T a b le  2) r e v e a l s  t h a t  t h e  a n im a l  e x c r e t e s  a 
s l i g h t l y  h y p e r t o n i c  u r i n e  w i th  r e s p e c t  t o  th e  b lo o d  i n  
100%. 87%. and  75% s e a  w a t e r .  A l th o u g h  t h e r e  a r e  t r e n d s  
i n d i c a t i n g  t h a t  t h e  a n t e n n a r y  g l a n d  e x c r e t e s  an  h y p e r t o n i c  
u r i n e  I n  c o n c e n t r a t e d  s e a  w a t e r  and  a h y p o to n ic  u r i n e  I n  t h e  
lo w e r  s a l i n i t i e s .  I t  d o es  n o t  seem  as th o u g h  t h e s e  t r e n d s  
would p l a y  a s i g n i f i c a n t  r o l e  i n  t h e  o s m o t ic  r e g u l a t i o n  o f  
t h i s  a n im a l .  I t  was n o te d ,  f o r  ex am p le ,  t h a t  t h e  a n te n n a r y  
g l a n d s  i n c r e a s e  u r i n e  p r o d u c t i o n  i n  t h e  lo w e r  s a l i n i t i e s  o f  
s e a  w a t e r .  But a lo n g  w i th  i n c r e a s e d  u r i n e  p r o d u c t i o n ,  th e  
u r i n e  c o n c e n t r a t i o n  o f  s a l t s  i s  I n c r e a s e d  (T a b le  2 ) .  T h u s ,  
C a n c e r  h a s  a  m echan ism  f o r  g e t t i n g  r i d  o f  e x c e s s  w a te r  b u t  
no  e f f i c i e n t  m echan ism  a p p a r e n t l y  e x i s t s  f o r  c o n s e r v i n g  s a l t s  
i n  t h e  lo w e r  d i l u t i o n s .  T h is  may b e  due t o  t h e  f a c t  t h a t  t h e  
p o r e  b o r d e r  o f  t h e  l a b y r i n t h  c e l l s  f a i l  t o  u n d e rg o  r e c o n ­
s t i t u t i o n ,  t h u s  r e m a in in g  p a r t i a l l y  b ro k e n  down ( B e e r s ,  1 9 5 8 ) .
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U nder s u c h  c o n d i t i o n s  membrane m echanism s w hich  n o r m a l ly  
f u n c t i o n  i n  r e t e n t i o n  o f  s a l t s  may be so  d r a s t i c a l l y  im p a i r e d  
t h a t  s a l t  l o s s ,  p r i m a r i l y ,  c o u ld  a c o o u n t  f o r  t h e  d e a t h  o f  
t h e  a n im a ls  a t  low  s a l i n i t i e s .  T hese  r e s u l t s  a r e  s i m i l a r  
t o  t h o s e  o f  B o ta z z l  (1 8 9 7 ) f o r  C a r c ln u s  m aenas an d  to  
P r o s s e r  and Chow (1957) f o r  P a c h y g ra p su a  c r a s s l p l e s .
U n l ik e  th e  k id n e y  i n  man, w hich  t e n d s  t o  c o n s e rv e  s a l t s  a s  
i t s  i n i t i a l  mode o f  a c t i o n  a s  th e  body f l u i d s  t e n d  t o  become 
d i l u t e d ,  t h e  p o o r  r e g u l a t o r s  o f  t h e  d ecap o d  C r u s t a c e a  i n c r e a s e  
u r i n e  p r o d u c t i o n  b u t  a lo n g  w i t h  t h i s ,  an  i n c r e a s e  i n  s a l t  
l o s s  i s  an i n e v i t a b l e  r e s u l t .
A lth o u g h  C a n o er  b o r e a l i s  i s  a b le  a c t i v e l y  t o  c o n c e n ­
t r a t e  and  c o n s e r v e  c e r t a i n  Io n a  f o r  a t  l e a s t  t w e n t y - f o u r  
h o u r s ,  t h e  c o n c e n t r a t i o n  o f  some o f  t h e s e  i o n s  i s  m a i n t a i n e d  
o n ly  s l i g h t l y  above t h a t  o f  t h e  e x t e r n a l  e n v iro n m e n t  i n  a l l  
s a l i n i t i e s .
A c t iv e  c o n c e n t r a t i o n ,  p o s s i b l y  by th e  g i l l s ,  t o  con ­
s e r v e  p o t a s s i u m ,  and to  a s l i g h t  e x t e n t  sod ium , e x i s t  i n  
100% s e a  w a te r  (T a b le  3 ) .  C a lc iu m , m agnesium , and  c h l o r i d e  
e n t e r  t h e  body f l u i d s  p a s s i v e l y .  A c t iv e  e x c r e t i o n  o f  c a lc iu m ,  
and  m agnesium  by t h e  a n te n n a r y  g l a n d  o c c u r s  i n  t h i s  s a l i n i t y  
w h i le  p o t a s s i u m ,  sod ium  and  c h l o r i d e  a r e  p a s s i v e l y  e x c r e t e d .
A l l  t h e  i o n s  a r e  p a s s i v e l y  a b s o r b e d  i n  87% s e a  w a te r  
(T a b le  lj.) and a c t i v e  e x c r e t i o n  by t h e  a n te n n a r y  g l a n d  o f  e v e r y  
io n  seem s t o  e x i s t .
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I n  75% s e a  w a te r  ( T a b le  5 )  a c t i v e  a b s o r p t i o n  o f  
p o t a s s i u m  and t o  some e x t e n t  c a l c i u m  o c c u r s *  C h l o r i d e ,  
sod ium  and  m agnesium  a r e  p a s s i v e l y  b r o u g h t  i n t o  t h e  body  
f l u i d s *  P o ta s s iu m ,  c a l c i u m ,  and sod ium  seem t o  be  e x c r e t e d
p a s s i v e l y  by t h e  a n t e n n a r y  g l a n d  w h i l e  c h l o r i d e  and  mag­
n e s iu m  a r e  a c t i v e l y  e x c r e t e d .
The i o n i c  a n a l y s e s  o f  a n im a l s  p l a c e d  i n  50% s e a  w a t e r  
(T a b le  6) r e v e a l  t h a t  p o t a s s i u m  and sod ium  a r e  a c t i v e l y  
a b s o r b e d  a g a i n s t  c o n c e n t r a t i o n  g r a d i e n t s  w h i l e  c a l c i u m ,  
c h l o r i d e ,  and m agnesium  p r o b a b l y  e n t e r  t h e  body  f l u i d s  
p a s s i v e l y *  A c t iv e  e x c r e t i o n  o f  c h l o r i d e  by t h e  a n t e n n a r y  
g l a n d  i s  p r e s e n t  b u t  a l l  o t h e r  i o n s  seem  t o  be e l i m i n a t e d  
p a s s i v e l y .
I n  14.0% s e a  w a t e r  a g a i n  p o t a s s i u m  i s  a c t i v e l y  a b s o r b e d  
a lo n g  w i t h  c a lc iu m  a n d  sod ium  (T a b le  7 )*  M agnesium  and  
c h l o r i d e  e n t e r  t h e  body f l u i d s  p a s s i v e l y .  I t  i s  o f  I n t e r e s t  
t o  n o t e  t h a t  t h e  a n t e n n a r y  g l a n d  i n  t h i s  d i l u t i o n  a c t i v e l y  
e x c r e t e s  c a l c i u m ,  so d iu m , m agnesium  and c h l o r i d e  w h i l e  
p o t a s s i u m  i s  p a s s i v e l y  e x c r e t e d .
S e v e r a l  a s p e c t s  o f  i o n i c  r e g u l a t i o n  i n  C a n c e r  b o r e a l i s  
a r e  w o r th y  o f  f u r t h e r  e x p l a n a t i o n .  I t  was o b s e r v e d  t h a t  i n  
100%, 87%, *ad  75% ®«a w a te r  t h e  c a l c iu m  c o n c e n t r a t i o n  o f  t h e  
I n t e r n a l  medium d i d  n o t  d e v i a t e  m ore t h a n  0 .0 3  m Eq/100 m l .  
H ow ever, i n  50% an d  lj.0% s e a  w a t e r  t h e  v a l u e  d r o p p e d  c o n s i d e r ­
a b l y .  One may h y p o t h e s i z e  t h a t  s i n c e  c a lc iu m  h a s  l o n g  b e e n  
known to  be  an e s s e n t i a l  i o n  I n  m a i n t a i n i n g  t h e  i n t e g r i t y  o f
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c e l l  m em branes , t h e  l a o k  o f  e u f f l o l e n t  q u a n t i t i e s  o f  t h i s
Io n  I n  t h e  lo w e r  d i l u t i o n s  o f  s e a  w a te r  o o u ld  r e s u l t  i n  t h e
d e a t h  o f  C a n e e r  b o r e a l i s ,  due  t o  t h e  b reakdow n  o f  e e r t a i n  
■ " ■  ■>
o e l l  m ea ib ran es . I n  1^ .0% s e a  w a t e r ,  f o r  i n s t a n c e ,  l o n i e  
a n a l y s e s  s u g g e s t  an s a t i r e  e x c r e t i o n  o f  c a l c iu m  by  t h e  
a n te n n a r y  g l a n d .  I n  t h i s  d i l u t i o n ,  h o w e v e r ,  f o u r  o u t  o f  
t h e  f i v e  i o n s  a n a ly z e d  w ould  a p p e a r  t o  be a c t i v e l y  
e x c r e t e d .  I t  i a  p o s s i b l e  t h a t  t h i s  a p p a r e n t  a o t l v e  
e x c r e t i o n  I s  a r e s u l t  o f  th e  l a c k  o f  a s u f f i c i e n t  c o n ­
c e n t r a t i o n  o f  c a l c iu m  f o r  t h e  m a in te n a n c e  o f  t h e  c e l l  mem­
b r a n e s .  As a  r e s u l t ,  t h e r e f o r e ,  a  " w h o le s a l e "  l o s s  o f  i o n s  
by  c e l l s  o c c u r s  i n  t h e  a n t e n n a r y  g l a n d  and  p o s s i b l y  c e l l s  o f  
t h e  g u t  and o t h e r  t i s s u e s  o v e r  t h e  b o d y . As e v id e n c e  t o  
s u p p o r t  a t  l e a s t  p a r t  o f  t h i s  v ie w , t h e  work o f  B e e r s  (1956) 
i n d i c a t e s  t h a t  t h e  a p i c a l  b o r d e r  o f  t h e  l a b y r i n t h  c e i l s  o f  
t h e  a n t e n n a r y  g l a n d  r e m a in s  p a r t i a l l y  b ro k e n  down i n  t h i s  
d i l u t i o n .
The c h l o r i d e  c o n c e n t r a t i o n  o f  t h e  b lo o d  i s  m a i n t a i n e d  
be low  t h a t  o f  t h e  e x t e r n a l  medium i n  e v e r y  c o n c e n t r a t i o n  o f  
s e a  w a te r  ( P i g .  1 0 ) .  The u r i n e  c o n c e n t r a t i o n s  o f  t h e s e  
i o n s  i n  100$ ,  and  75$  s e a  w a te r  w ould  i n d i c a t e  t h a t  t h e
a n te n n a r y  g l a n d s  a r e  n o t  t h e  s o l e  m echan ism  i n v o l v e d  i n  m a in ­
t a i n i n g  t h e  c h l o r i d e  c o n c e n t r a t i o n  o f  t h e  b lo o d  b e lo w  th e  
e x t e r n a l  medium . U r in e  a n a l y s e s  r e v e a l  t h a t  t h e  c o n c e n ­
t r a t i o n  o f  c h l o r i d e  i n  t h e  u r i n e  I s  a l s o  b e lo w  t h a t  o f  t h e  
e x t e r n a l  medium. T h is  s u g g e s t s  t h a t  some m echan ism  o t h e r
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t h a n  t h e  a n te n n a r y  g l a n d  n i g h t  b a  i n v o l v e d  I n  t h i s  phenom enon . 
S in c e  t h e  a n I n a l  l a  p e rm e a b le  t o  c h l o r i d e ,  some s o r t  o f  
" a o t i v e  pump" m echan ism  c o u ld  b e  I n v o l v e d  i n  m a i n t a i n i n g  a  
c h l o r i d e  g r a d i e n t  o u t s i d e  t h e  a n im a l  w h ich  i s  g r e a t e r  t h a n  
t h a t  f o u n d  i n  t h e  body  f l u i d s .  T h i s  m e c h a n ism , w h ich  
p o s s i b l y  o c c u r s  i n  t h e  c e l l s  o f  t h e  g i l l s ,  w ou ld  a c t i v e l y  
r i d  t h e  a n im a l s  o f  t h e  c h l o r i d e  so  t h a t  l e s s  o f  t h e  a n io n  
w ould  be  l o c a t e d  i n  t h e  i n t e r n a l  b o d y  f l u i d s  t h a n  o u t s i d e  
t h e  a n im a l .  That such  m ech an ism s o c c u r  i n  th e  g i l l s  o f  f i s h  
and  o t h e r  t i s s u e s  h a s  b e e n  s u g g e s t e d  by many i n v e s t i g a t o r s .
The nsod ium  pump” m echan ism  i s  w e l l  s u b s t a n t i a t e d  f o r  m u s c le  
and n e r v e .  H e re  one s e e s  t h a t  t h e  c e l l s  a r e  a c t u a l l y  
p e rm e a b le  t o  so d iu m  b u t  t h e  c e l l  membrane h e l p s  m a i n t a i n  a 
c o n c e n t r a t i o n  g r a d i e n t  w h e reb y  so d iu m  i s  a c t u a l l y  pum ped o u t  
o f  t h e  c e i l  f a s t e r  t h a n  i t  can  e n t e r .  A l th o u g h  t h e  t r u e  
m ann er  i n  w h ich  t h e  pump phenom enon a c t u a l l y  w orks  i s  s t i l l  
h i g h l y  t h e o r e t i c a l ,  t h e  p o s s i b i l i t i e s  t h a t  su c h  m echan ism s 
a l s o  e x i s t  i n  t h e  e p i t h e l i a l  t i s s u e s  o f  th e  g i l l s  a n d  p e r h a p s  
o t h e r  t i s s u e s  o f  C a n o er  b o r e a l  i s  s h o u l d  n o t  be  e x o lu d e d .
One m ore f a s c i n a t i n g  o b s e r v a t i o n  a b o u t  t h e  c h l o r i d e  
io n  i s  e v i d e n t  when one l o o k s  a t  t h e  c o n c e n t r a t i o n  o f  t h e  
a n io n  i n  t h e  u r i n e  o f  C a n c e r  p l a c e d  i n  50% and  kO% s e a  w a t e r .  
H ere  t h e  u r i n e  c o n c e n t r a t i o n  o f  t h i s  i o n  i s  h y p e r t o n i c  t o  t h e  
b lo o d  and s e a  w a t e r .  S in c e  t h e  c r a b s  h a v e  t h e  p r o b le m  o f  
s a l t  r e t e n t i o n  i n  d i l u t e  s e a  w a t e r ,  i t  i s  p o s s i b l e  t h a t  t h i s
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a c t i v e  pump m echanism  f o r  pum ping e h l o r l d a  o u t  o f  t h e  body  
e a a a a s  t o  f u n c t i o n  a t  low  d i l u t i o n s  so  t h a t  t h a  c h l o r i d e  
I o n  w ould  e n t e r  t h e  b lo o d  f r e e l y .  When eo d o i n g ,  t h e  b u rd e n  
o f  t h e  o h l o r l d e  e x c r e t i o n  r e s t s  on  t h e  a n te n n a r y  g l a n d .  The 
r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  I n d i c a t e  t h a t  t h i s  m ig h t  be  t h e  
c a s e  b e c a u s e  t h e  c o n c e n t r a t i o n  o f  c h l o r i d e  fo u n d  i n  t h e  u r i n e  
o f  t h i s  a n im a l  i n  b o th  50#  and lj.0% se a  w a te r  I s  h y p e r t o n i c  
t o  t h e  s e a  w a te r  and th e  b lo o d .
A n o th e r  f a c t o r  w hich  s h o u ld  be  m e n t io n e d  c o n c e r n in g  
t h e  Io n  a n a l y s e s  I s  t h e  h i g h  c o n c e n t r a t i o n  o f  I o n s  fo u n d  i n  
t h e  u r i n e  o f  C an ce r  i n  Lj.0% s e a  w a t e r .  I t  i s  h i g h l y  p r o b a b l e  
t h a t  t h e  breakdow n o f  th e  l a b y r i n t h  c e l l s  o f  t h e  a n te n n a r y  
g l a n d  I n  t h i s  d i l u t i o n ,  due  t o  t h e  t re m e n d o u s  am ounts  o f  
w a te r  i t  m ust  e x c r e t e  ( B e e r s ,  1 9 5 8 ) ,  c a u s e s  an o u t p o u r i n g  o f  
i o n s  from  t h e  b lo o d  i n t o  t h e  u r i n e  r e s u l t i n g  i n  t h e  a n i m a l ' s  
d e a t h .
I t  i s  e v i d e n t  t h a t  t h e  i o n i c  r e g u l a t o r y  a b i l i t i e s  of 
C an ce r  b o r e a l i s  a re  s u f f i c i e n t  t o  e n a b le  th e  a n im a l  t o  
s u r v i v e  I n  d i l u t e  s o l u t i o n s  o f  s e a  w a te r  down t o  50# f o r  2li 
h o u r s .  A p p a r e n t ly  t h e s e  m echan ism s a r e  i n s u f f i c i e n t  o r  
b r e a k  down i n  U-0% s e a  w a t e r ,  r e s u l t i n g  i n  t h e  d e a t h  o f  t h e  
an im a l  •
A n o th e r  a s p e c t  o f  t h e  a b i l i t y  o f  C ance r  b o r e a l i s  t o  
t o l e r a t e  f l u c t u a t i o n s  o f  t h e  e x t e r n a l  medium i s  o n e  o f  
t i s s u e  a d a p t a t i o n .  T h is  an im al shows l i m i t e d  p o w ers  o f
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o sm o t lo  r e g u l a t i o n  (T a b le  2 and  F i g u r e  8 ) b u t  j e t  i t  s u r v i v e #  
w e l l  i n  1 0 0 $ ,  8 7 $ ,  7 5 $ , and  $0$  s e a  w a t e r .  F l u c t u a t i o n s  o f  
t h e  v a r i o u s  i o n s  i n  t h e  body f l u i d s  o f  t h i s  a n im a l  a l s o  e x i s t  
( T a b le s  3 ,  lj., 5# 8 , and 7 ) .  T h is  p r o b a b ly  means t h a t  t h e  
t i s s u e s  o f  t h e s e  a n im a l s  can be  a d a p te d  to  o hanges  i n  t h e  
e x t e r n a l  medium b e c a u se  o f  t h e  s lo w  p e n e t r a t i o n  o f  w a t e r  
th r o u g h  t h e  t h i c k  e x o s k e l e t o n  and t h u s  t i s s u e  a d a p t a t i o n  t o  
t h e  d i l u t i o n s  would e n a b le  t h e  a n im a l  t o  s u r v i v e  i n  v a r i o u s  
m e d ia .  H ow ever, i n  ij.0% s e a  w a te r  t h e  r a t e  o f  p e n e t r a t i o n  
m ig h t  be so r a p i d  t h a t  d e a th  o c c u r s  b e f o r e  t h e  a n im a l  s '  
t i s s u e s  c an  become a d a p te d  t o  t h e  c h a n g e s .
The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  seem t o  e x p l a i n  
some o f  th e  p ro b le m s  w h ich  a ro a e  f ro m  p r e v i o u s  work on  t h e  
o s m o t ic  and  i o n i c  r e g u l a t o r y  phenomena t h a t  e x l a t  i n  t h e  
c r a b ,  C a n c e r  b o r e a l i s . I t  seems t h a t :  t h e  r e l a t i v e  Im p e r ­
m e a b i l i t y  o f  t h l a  a n im a l  t o  w a t e r ,  t h e  a c t i o n  o f  th e  
a n t e n n a r y  g la n d  and g u t  i n  r i d d i n g  t h e  a n im a l  o f  e x c e s s  
w a te r  i n  d i l u t e  m e d ia ,  t h e  a c t i v e  a b s o r p t i o n  o f  s a l t s  
( p o s s i b l y  th r o u g h  th e  g i l l s )  from  t h e  e x t e r n a l  medium f o r  
a t  l e a s t  t w e n t y - f o u r  h o u r s ,  and  th e  a d a p t a t i o n  o f  t h e  t i s s u e s  
o f  t h e  an im al t o  ch an g es  I n  th e  body f l u i d s  w i th o u t  any 
o b s e r v a b l e  i n j u r y ,  a i l  a i d  i n  e n a b l in g  t h i s  decap o d  
c r u s t a c e a n  t o  p e n e t r a t e  o t h e r  e n v i r o n m e n ts .  The Im p a irm e n t  
o r  b reakdow n o f  some o f  t h e s e  m ec h an ism s , h o w e v e r ,  l i m i t s  
t h e  ty p e  o f  h a b i t a t  t o  w hich  C an ce r  c an  be  e x p o s e d .
SUMMARY
1 .  C a n c e r  b o r e a l l a  show s a  t r a n d  t o  g a i n  w a ig b t  s l i g h t l y  aa  
t h a  a a l l n l t y  o f  t h a  e x t e r n a l  e n v i r o n m e n t  l a  d e c r e a a e d  f ro m  
100% t o  lf.0% a e a  w a t e r .
2 .  A n te n n a r y  g l a n d - p l u g g e d  a n im a l s  g a i n  m ore w e ig h t  t h a n  
n o rm a l  a n im a l s  s u b j e c t e d  t o  t h e  same a a l l n l t y  o f  a e a  w a te r  
f o r  t h e  same num ber o f  h o u r s .
3 .  G u t - p lu g g e d  o r a b s  g a i n  more w e ig h t  t h a n  n o rm a l  a n im a x s  I n  
t h e  same d i l u t i o n  o f  s e a  w a t e r  b u t  t h i s  g a i n  I s  l e s s  t h a n  
t h a t  o f  t h e  a n t e n n a r y  g l a n d - p l u g g e d  a n i m a l s .
C a n c e r  b o r e a l i s  shows l i m i t e d  p o w e rs  o f  o s m o t ic  r e g u ­
l a t i o n  i n  100%. 87%, 75%» 50%, and  ii0% s e a  w a t e r  f o r  a t  
l e a s t  t w e n t y - f o u r  h o u r s .  I t  m a i n t a i n s  a  h y p o t o n i c  i n t e r n a l  
e n v i r o n m e n t  i n  100% and 87% s e a  w a t e r  an d  a h y p o t o n i c  o r  
i s o t o n i c  i n t e r n a l  e n v i r o n m e n t  I n  75% &*a w a t e r .  I n  50% and  
ij.0% s e a  w a t e r  t h e  body f l u i d s  a r e  h y p e r t o n i c  to  th e  s e a  
w a t e r .
5 .  I o n i c  r e g u l a t i o n  a l s o  e x i s t s  i n  C a n c e r  f o r  a t  l e a s t  
t w e n t y - f o u r  h o u r s  i n  100%, 87%, 75%, 50% and 1+0% s e a  w a t e r .
6 . A c t iv e  c o n c e n t r a t i o n ,  p o s s i b l y  by t h e  g i l l s  t o  c o n s e r v e  
p o t a s s i u m  an d  t o  a s l i g h t  e x t e n t  so d iu m , e x i s t s  i n  100% 
s e a  w a t e r .  C a lc iu m ,  m agnes iu m , an d  c h l o r i d e  e n t e r  t h e  bo dy  
f l u i d s  p a s s i v e l y .  A c t iv e  e x c r e t i o n  o f  c a l c i u m  and  m agnesium  
by  t h e  o n t e n n a r y  g l a n d  o c c u r s  i n  t h i s  s a l i n i t y  w h i l e  p o t a s s i u m ,  
so d iu m , and c h l o r i d e  a r e  p a s s i v e l y  e x c r e t e d .
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7* P o t a s s i u m ,  so d iu m , c a l c i u m ,  m agnesium  and  c h l o r i d e  a r e  
p a s s i v e l y  a b s o r b e d  i n  87% s e a  w a te r  and  a c t i v e  e x c r e t i o n  
by  t h e  a n t e n n a r y  g l a n d  o f  e v e r y  i o n  e x i s t s .
8 .  I n  ?5 $  s e a  w a t e r  a o t l v e  a b s o r p t i o n  o f  p o t a s s i u m  an d  t o  
some e x t e n t  c a l c i u m  o c c u r s .  C h l o r i d e ,  so d iu m  a n d  m agnesium  
a r e  p a s s i v e l y  b r o u g h t  i n t o  t h e  body f l u i d s .  P o t a s s i u m ,  
c a l c i u m ,  and  sod iu m  seem t o  be e x c r e t e d  p a s s i v e l y  b y  t h e  
a n t e n n a r y  g l a n d  w h i l e  c h l o r i d e  and  m agnesium  a r e  a c t i v e l y  
a b s o r b e d ,
9 .  When t h e  a n im a l s  a r e  p l a c e d  i n  50% s e a  w a t e r  p o t a s s i u m  
an d  so d iu m  a r e  a c t i v e l y  a b s o r b e d  a g a i n s t  c o n c e n t r a t i o n  
g r a d i e n t s  w h i l e  c a l o lu m ,  c h l o r i d e  a n d  m agnesium  e n t e r  t h e  
b o d y  f l u i d s  p a s s i v e l y .  A c t iv e  e x c r e t i o n  o f  c h l o r i d e  by  
t h e  a n t e n n a r y  g l a n d  i s  p r e s e n t  b u t  a l l  o t h e r  i o n s  seem t o  
b e  e l i m i n a t e d  p a s s i v e l y .
1 0 .  I n  l\.0% s e a  w a t e r  p o t a s s i u m  i s  a c t i v e l y  a b s o r b e d  a lo n g  
w i t h  c a l c i u m  and so d iu m . M agnesium  and c h l o r i d e  e n t e r  t h e  
body  f l u i d s  p a s s i v e l y .  The a n t e n n a r y  g l a n d  i n  t h i s  d i l u ­
t i o n  a c t i v e l y  e x c r e t e s  c a l c i u m ,  so d iu m , m ag n e s iu m , and 
c h l o r i d e  w h i l e  p o t a s s i u m  i s  p a s s i v e l y  e x c r e t e d .
1 1 .  T h e re  seem s t o  be  a t  l e a s t  f i v e  p h y s i o l o g i c a l  m echan ism s 
i n v o l v e d  i n  t h e  o s m o t ic  a n d  i o n i c  r e g u l a t i o n  o f  C a n c e r  
b o r e a l i s . T h ese  a r e :
a )  The r e l a t i v e  i m p e r m e a b i l i t y  o f  t h i s  a n im a l  t o  w a t e r .
b )  I n c r e a s e d  w a t e r  e x c r e t i o n  b y  t h e  a n t e n n a r y  g la n d  t o  
r i d  t h e  a n im a l  o f  e x c e s s  w a t e r  a s  t h e  e x t e r n a l  medium i s  
l o w e r e d .
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c )  The a c t i o n  o f  t h e  g u t  t o  r i d  t h e  a n im a l  o f  e x c e s s  
w a t e r  a s  t h e  e x t e r n a l  e n v iro n m e n t  becom es more d i l u t e .
d) A c t iv e  a b s o r p t i o n  o f  s a l t s ,  p r o b a b l y  a c r o s s  t h e  
g i l l  s u r f a c e .
e )  The a d a p t a t i o n  o f  t h e  t i s s u e s  o f  C a n c e r  t o  c h a n g e s  
i n  body f l u i d s  w i t h o u t  any o b s e r v a b l e  i n j u r y .
1 2 .  The impairment or breakdown o f  some o f  t h e s e  mechanisms  
i n  low  d i l u t i o n s  o f  s e a  w ater  which c a u s e s  th e  d e a th  o f  t h i s  
animal i s  a l s o  d i s c u s s e d .
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